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4. ABSTRACT

This study was undertaken to demonstrate the feasibilitv of appiying expert

systern technology to the Navy's 11-46 helicopter maintenance process. A

microcomputer-based prototype known as a computer-aided diagnostic system (CADS)

was developed for this purpose. Given a helicopter electrical or hydraulic system

discrepancy, the troubleshooter interacts with CADS to find the cause. The prototype

CADS was deve!oped utilizing the M.A knowledge-based system development tool by

Teknowledge, Inc.

The complexity of helicopter systems diagnosis, and inadequacies of' the

maintenance manuals, often result in unnccessary removal of system components. The

prototype CADS is intended to demonstrate that a fully developed system, contair.ing

all the formal and heuristic knowledge of 11-46 diagnostic information, could eliminate

these problems. l\so, such a diagnostic system could provide a comprehensive, stable

diagnostic knowledge base, regardless of personnel turnover.

This study includes a description of current helicopter maintenance procedures,

and how the integration of CADS could improve this process. Also included are

descriptions of' expert systems and the M. 1 knowledge-based system development tool:

how they work. and their applicability to structured selection problem-solving. The

development and testing strategies used for CADS are discussed in detail. Results.

conclusions, and recommendations for further study are provided.
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I. INTRODUCTION

A. GENERAL

[hree objectives of the Naval Aviation Maintenance Proerams (NAMP) as iation

material readiness standards established by the Chief of Naval Operations CN() are:

I. Achieve. for all Navy and Marine Corps aircraft, a 7S' o missIon cap:hle rate
for deployed aircraft and a "73"o mission capable rate overal a l'ull
systems capable rate for deployed aircraft and a 5o'"o, full svstems v~ie r,te
overall.

2. Reduce the growth rate in .Maintenan e Man-hours per I .1= t-I our
MMII FH) to zero and maintain a level no higher than :he F- S aee.

3. Reduce the growth rate in maintenance and support costs per fli:- t-hour to
zero and maintain a level no higher than the -Y-'S average. Re . 1: p. '-I

It is the responsibility of Naval aviation squadrons to meet tine~c ,'bje :'. csw',t

optimum use of manpower, material, and funds. Such is the case -vai tine I ti:e'j

States Navv's and United States Marine Corps 21 11-46 helicopter s "uadri'n. The

11-46 Sea Knight is shown in Figure 1.1.

The 1-1-46 Sea Knight was developed and manufactured by the Boeing A..ircr:ft
j.Company's Vertol Division in the 1960s. Since that time many of- the heicOrer

vstenis have been modified or changed completely. IncreasinLy complex helicop'er

s-stems and the diverse nature of Naval aviation operating requirements place a hih

premiu:m on the ability of squadron maintenance people to achieve the aircraft material

readiness standards. This ability is a function of the training that these people receive

arid the tools at their disposal. Any means that can be used to increasce the

effectiveness of the maintenance process should enhance the ability of achieving :hee

objectives.

Artificial intelligence techniques offer a promising means for helping maintenance

personnel. Specifically, the type of computer program known as an expert ';sem

deserves consideration for this purpose. A prototype expert system progran; known as

the Computer-Aided Diagnostic System ((A7I)S) has been developed by the autnor to

test tihe value of such a system: that is, to demonstrate feasibility and applicability of'

expert systems technology to Naval aviation maintenance.

-. I
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Figure 1.1 H-46 "Sea Knight" Helicopter.

B. BACKGROUND

To understand the application of CADS a brief familiarization of the helicopter

squadrons' current maintenance troubleshooting process is necessary. When a

helicopter system discrepancy is discovered by pilots, aircrew, or maintenance

personnel, the discrepancy is documented on a Maintenance Action Form (MAF).

The MAF is processed by the squadron's Maintenance Control Office, which routes

the MAF to the appropriate maintenance shop, i.e., hydraulics shop, power plants
chop, or electrical shop. The maintenance personnel of the shop, who are trained in

that specific aircraft system, follow the Maintenance Information Manuals (MIIMs)

troubleshooting procedures to isolate the problem or symptom. find the cause, then

take the appropriate corrective action. There are approxinatciy 15 separate N\llls

vo'Lmcs. Each volume contains troubleshooting procedores for a spec :ic hc!i ,'r

s~ste11.

C. APPLICATION OF CADS

CADS is designed as a prototype microcomputer-based expert system to aid

maintenance personnel (or other squadron perscnnel) diagnose helicopter equipmcn:

failures. Given a helicopter system discrepancy, CADS %%ill help find the cause oF the

discrepancy%.

I00
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H-elicopter aircraft sx stems are complex. [iii;.l:e vac~1~h>:.tr~.:

discrepancy can involve dif'icult and tnme-consunmne ra.eroie e: ,\

maintenance people must be able to repair hlcpe r~~x~
~opoide aircraft that are fully systLem-s-kcapalbc fo r the nexct aortaac r

Whn he jir-craft pr-oblemn is complicated, difl-kuit to tabeotanJ c

ade aaclvIn the NIl s, troubleshoot~rne sometimes 1carnes the nerechnm

black boxes and hoping the problem w"I' become fixed. Thi,,s can resu*.: InIIr:c

symptom- but not the :ause. aggravation of tile problem, and time and mlone% waked"

inl mlainte.nance mani-h-ours and parts costs. It is anticipated that the L;k oe a

developed CADS could redluce or even ,'Iii-inate this problem.

CAIDS also can be used in the squadron as a training tool for niatntena:meC

"rOU'rleshootirig procedures. A fully developed CAD)S would conltain knowlede

representing the entire mainte nanrce diagnostic expertise of an aircraft caTmunI:;..

t t*;izineL the trace feature of this expert system, rmaintenance persons perha-ps cc aid

observe CADS' reasoning procss In finding the cause of' the problem, giventh

uiscrepancv.

Such a fullv developed CADS would aiso provide a comprreheic.stable

diaenostic kilowde base, reg-ardless of personnel turnover. The nature of' -IIIItZArV

tors FS dut creates the prolem of loss of corporate INkno-.ledge as expe~rienced pa

are transferred elsewhere. The dinostic skills of intenance experts ,v ould rema..in InI

the squadron's CADS lone after the experts; have departe.

Thle 1 1-46 heli.',optor has recently undergone significant svstems modifica.tions, In

an ef-iort to extend its servi!ceable life. Under the Surviveabiity, Reliabiitx. and

Maitaiablit 1S,R,.&.%) Proeram all 11-46 "A" and -D- models will have Silfk,.'ant

svtcri odifications, and be redesienated 711-.40D. A nroblcin associated with1- th-e

S.R.&-\1 Proe-rarn. is the lack of' knowledeae conicerning the modified hli'copter systems

.i0o-cprational squadron personnel. 1Uhe CADS developed for this project, conta;ns

."'t rroun~oshooting prce-ss as des;cribed i the Updated MNilTS for S.R&Nl helicopterIs

('1I-101i, and knowkledge acquired fromn identifl ed 11-46 experts.

Al~thotL:Lh the CAD)S developed for this project is not truly Cully developed, it Canl

\C- C Ia 1 prottpc to demonvstrate the fea'sibtllx% 01f applying expert system

tchnc lo: !o the t. nited States, Navv's 11-46 heclicopter mnaintenance uliansiic

5' ra.c~%
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D. OBJECTIVES

The objectives of this study are as follo.vs:

1. Develop a prototype CADS to demonstrate the feasibility of appiying expert
system technology to a inamte:nance diagnostic process. The diagnostic expert
system program is written by ,he auzhor utilizing the M.I Knowledge System
Development Tool (version 2.1 ) by "cknowleu.e. I nc.

2. Demonstrate the CADS applicabilitx to the United States Nav's 11-46
helicopter maintenance process.

E. RESEARCH QUESTIONS

The main question addressed in this study can be summarized as:

Is a computer-aided diagnostic system feasibie and applicable to the United
States Navy's 11-46 helicopter maintenance process?

SecondaryI questions pertaining to the research areas are:

1. Squadron applications.

* Hlow would the maintenance personnel use CADS?

* How could the CADS knowledge base provide a valuable training tool for
maintenance personnel?

* Could the CADS knowledge base contain the corporate knowledge of the
H-46 helicopter community's maintenance diagnostic expertise, regardless
of personnel turnover?

• Can other people in the squadron use CADS program besides maintenance
personnel'? How will they use CADS?

* Why is development of CADS particularly germane in view of the recent
11-46 systems modilications (S.R.&MIv)?

2. Use of CADS.

* What interaction is required between CADS and the user?

* What are the hardware, software, and memory requirements?

F. SCOPE AND LIMITATIONS

This research focuses on the development of the CADS prototype program, and

on its applicability to the helicopter maintenance process. The pratot'.pe (A)S

inc!udes knowledge related to diagnoses of the hydraulic and eiectrical systens of :hc

S.R,&M CII-46D helicopter. The prototype addresses every symptom and problem

cause for these two systems as specified it. the MI.Ms troubleshooting tables. It aso

con..ains a limited amount of the heuristic knowledge of Naval ..\eronaatical

Engineering Service Unit N\AESl) technical representatives, and quadron

12 !!I
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maintenance experts. A full.v developed CADS is beyond the time and monetary

constraints of this research. The prototype CADS software is intended as an aid to

using the MIMs. The prototype is by no means a replacement for these technical

pubications. lI-owever, ultimately a f ully developed CADS could preclude the use of

writtcn maintenance manuals.
This research will not include a discussion of CADS implementation issues in the

helicopter squadrons. Testing the diagnostic expert system program in the squadron

will be limited; therefore the program cannot he considered completeiy validated.

G. ORGANIZATION OF STUDY

Chapter II contains a description of the Naval Aviation Maintenance Program's

Maintenance Data System (MDS). Discussion includes maintenance documentation

procedures, troubleshooting procedures, and how integrating CADS could enhance the

process, thereby improving readiness of the squadrons. Chapter III discusses

knowledge- based expert systems, and the M.1 knowledge-based system development

tool. Chapter IV describes in detail the development of the prototype CADS, and how

it works. Chapter V discusses the results and conclusions of this research. It also

provides sug2estions for further study, and recommendations for the use of CADS and

M.l. Chapter VI provides an executive summary of this study and its results.

Appendix A contains a glossary of acronyms used in this study. A sample diagnostic

consultation ,ession is contained in Appendix B. The prototype CADS knowledge

bd~c is contained in Appendix C.

13
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II. SQUADRON MAINTENANCE:
CURRENT PROCESS AND CADS INTEGRATION

Prior to describing how expert systems work and the CADS development

process, it is necessary to describe the aviation MDS used by the helicopter

troubleshooters, in order to understand how CADS would be integrated. This chapter

explains MDS. maintenance action documentation procedures, croubleshooting

procedures, and integrating CADS into the troubleshooting process.

A. MAINTENANCE DATA SYSTEM
The MDS was developed to provide data input to the NAMP for the purpose of

meeting the aviation material readiness standards established by the CNO. The

description of MDS is quoted directly from volume 1I of NAMP:

The MDS is a Management Information System (MIS) designed to provide
statistical data for use at all management levels relative to:

a. Equipment maintainability and reliability.

b. Equipment configuration, including alteration and Technical Directive (TD)
status.

c. Equipment mission capability and utilization.

d. Material usage.

e. Material nonavailability.

f. Maintenance and material processing times.

g. Weapon system and maintenance material costing. [Ref. 2: p. 11-1]

The MDS requires that any work done on an aircraft is to be documented by the

person performing the work. The maintenance person converts a brief narrative

description of the job into codes and enters the coded information onto standard forms

or source documents. The source documents are collected and forwarded to a data

service facility, where the data are converted to machine records. From these records

Maintenance Data Reports (MDR) are produced, which are periodic report listings

summarizing the maintenance data. The MDRs are supplied to squadron maintenance

supervisors to assist them in planning and directing the maintenance effort.

14
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Application of the management information provided by the MDR assists in

idcntif.,ing, among other things, trend ana!vsis of the followine:

* Areas in which there are skill or training deficiencies.

* Efficient or inefficient use of available manoower.

* Parts with high failure rates.

S nadequate -roubleshooting.

These four areas are specifically noted as they are most applicable to this research.

B. MAINTENANCE ACTION DOCUMENTATION PROCEDURES

One type of MDS source document is the Visual Information Display'

SvsternMaintenance Action Form (VIDS'MAF) shown in Figure 2.1. VIDS MAFs

are used to document over 17 specific types of maintenance actions, as outlined in

NAMP. Included are such maintenance actions as troubleshooting man-hours,

removal and replacement of aircraft parts, repair, the performance of scheduled

inspections, and accumulated man-hours as a result of work stoppage for parts or

maintenance.

A VIDS, MAF is originated by the squadron Maintenance Control Office

personnel or by aircrew, when an aircraft discrepancy is discovered. The form is also

used to document scheduled periodic maintenance or special aircraft inspections that

become due. The initiated VIDS MAF provides for recording, among others, the

following types of data. quoted directly from NAMP:

a. Job Control Number (JCN).

b. Identity of the organization and the work center in which the work is being
perlormed.

c. The type equipment, system, subsystem, and component upon which work is
being performed.

d. i low the malfunction'discrepancy failure occurred, and when it was discovered.
and the action taken to correct it. [Ref. 2: p. 11-3]

Maintenance Control forwards a copy of the VIDS MAF to t' appropriate

work center. For example, if the discrepancy is "No.l Generator failure light

illuminated in flight", the VIDS MAF copy will be routed to the electrical shop. The

work center supervisor screens the document, enters applicable data, and assigns

workers to the task.

When complex problems occur, troubleshooting often requires a great amount of'

time. In these cases troubleshooting time is separated firom repair time by

15
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documenting two VIDS MAFs: one to reflect trouhleshooting time, the other to

record repair time.

C. TROUBLESHOOTING PROCEDURES

The maintenance personnel assigned to correct the discrepancy consult the

appropriate M I Is volume. In the above example. it would be the Electricai Systems

volume. Within each of the 15 MIIMs volumes are either troubleshooting tables or

troubleshooting sections, which outline isolation procedures for system symptoms.

Maintcnance people from the work center perform the isolation procedures. diacnosing

the discrepancy to find the cause of the problem. Consider the example symptom of a

No.1 Generator failure light that has illuminated on the helicopters cockpit caution

light panel. This symptom description would be entered on the VIDS MAF by the

aircrewman who discovered it. as shown in Figure 2.1. It is similarly listed in the

MINIs troubleshooting tables as "GEN FAIL light on (both generators oni rotors at

flight RPM" [Ref. 3: p. 3].

The maintenance workers search the troubleshooting tables of the Electrical

System MIM for this specific symptom, then perform the isolation procedures. A
portion of the troubleshooting tables, which they" would use for this particular problem.

is contained in Figure 2.2 [Ref. 3: p. 3]. Other than what is contained in the

troubleshooting tabies, the MIMs do not fully describe each step of action and its

consequences. The troubleshooters learn this through training and experience. This

experience could easily be included in CADS. A flow diagram of this troubleshooting

procedure for this example is shown in Figure 23 to assist the reader.

According to the MIlMs troubleshooting tables, there are two possible outcomes

from this isolation procedure, i.e.. I) the generator comes on line, and the No.1 GEN

FAIL light extinguishes, or 2) the No.1 GEN FAIL light remains illuminated. For the
first outcome, the MIM gives the cause as a supervisory panel malfunction. For the

second, the troubleshooters perform subsequent isolation checks, to find the possible

cause cf the generator failure. See Figures 2.2 and 2.3.

!*his structured, methodical process of searching for the possible cause of an

aircraft problem is universal in Naval aviation maintenance. Having found the exact

cause of the problem after pcrorming all applicable isolation procedures, the

maintenance workers again refer to the MIMs. Each problem cause has specific

correcti',c actions, which are briefly mentioned in the troubleshooting tables. Detailed

corrective action procedures are contained in other sections of the M IMs.
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6. Table 1 includes isolation procedures and D. One DC BUS light on (either or both
corrective actions for symptoms identified by generators on) rotors at flight RPM.

* letters as follows: E. Opposite DC BUS light on (one generator
A. GEN FAIL light on (both generators on) on) rotors at flight RPM.

rotors at flight RPM.
7. When troubleshooting the AC/DC generation

B. One ESSENTIAL BUS light on (either or systems refer to the following schematics:
both generators on) rotors at flight RPM.

a. AC System - WP 003 00. figure 2.
C. One or both ESSENTIAL BUS lights on

(associated with one generator) rotors at flight b. DC System and Battery - WP 004 00,
RPM. figure 2.

Table 1. AC System Troubleshooting

CAUSE J ISOLATION PROCEDURE CORRECTIVE ACTION

A. Gen Fail Light On (Both GENs On) Rotors At Flight RPM.

Supervisory With generators "OFF- It generator comes on line,
Panel cross connect the opposite remove and replace super.
Malfunction Supervisory Panel into visory panel.

malfunctioning system
using both test cables (figures
I and 2) turn "ON" discrepant
AC system.

Generator With main generators selected If voltages are correct, check
Malfunction and both generatr switches *ON", phasing, contactor control and

check for 115 to 120 vac pins A, B, switch control. If all voltages

and C to ground of the related are missing or very low, check
generator test receptacle excitation, PMG output and
(161J3) (161J4) or terminals M, feeder fault. If one or two
P, and R respectively of the voltages are zero, check gen-
terminal board on generator erator feeder wires. (NOTE:
test cable (figure 1). Voltage readings taken at test

receptacles with generator
switch in test position are no
load voltage indications
These readings may not indi-
cate an RFI generator

PMG With generators off, connect the If voltage is low, disconnect
Output generator test cable (figure 1) test cable receptacle at helicop-
.ncorrect between the supervsory panel ter cable plug and repeat

receptacle and connector plug measurement. If voltage does
(241P5) (241P6) on the malfunc. not rise to approximately 38
tioning system. At the test termi- vac, the pm section of the gen-
nal board, check for approximately erator is defective. If voltage
38 vac between ground and term- is normal, check exciter wind-
inal E and terminal H. ing.

Figure 2.2 Electrical Systems MIMs Troubleshooting Table.
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AC SYSTEM SYMPTOM: I #1 GEN FAIL Lght On

Per-fom first isolation procedure

ISOLATiON
PROCEDURES
OUTCOMES. __________

Generator coes lot comeo
Generator Comes On Line anci on line
GEN FAIL Light Extinguishes GEN FAIL Light Still ON

Problem Cause = Suoervisory Panel Perform 2nd Isolation
Malfunction Procedure

lSQLATION
PROCEDURES
OUTCOMES.

ONE OR TrWO VOLTAGES VOLTAGES MIISNG VOLTAGES CORRECT
ZERO OR VERY LOWChc:Paig

Contactor
Control,

Switch Control
Perform Isolation

Procedures

PROCEDURES

IPROT PRESENRTTI29ON PRASINT COTCOK

P HA SE RO TA T O N tPrroid

ProliCure 2.3Troinlshoorinormow Diagram
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D. INTEGRATING CADS INTO THE TROUBLESHOOTING PROCESS

Diagnosing helicop:er discrepancies is a process which involves more than simply

lollowing isolation procedures in NI IN!s. It takes a person with formal knowledge and

experience to diagnose %ccur-,zelv and to know eactiv wh(ich parts are def'ective. Verv

few nmechanics in any aircrazft squadron are recogn:/ed as good troubleshooters.

ln-,,iividua, a:rin- to he good troubleshooters w!l! constantly refer to the maintenance

mailu-1s. lt.ev will also ask the squadrons recognized experts how effecti:ve

troab, shootln_ is performed. What happens when the manuals contain incomplete

...rnatn. or ha%,e n , been updated with current airframes changes Worse yet.

when the e-,perts in the unit are transferred, who will maintain their knowledge and

expecrence needed for the maintenance effort, and who will impart that knowledge to

the people aspirng to attain those skills?

CAI)S mav solve some of these problems, but nav result in others as well. low

w)uld CADS be inteerated into the maintenance troubleshooting process? How would

the maintenance personnel Use CADS in this process'?

Several assumptions are necessary bef'ore these questions can be answered. These
include:

I. Each squadron work center has (or has access to) a Zenith 2-48 or IBM PC
coinpatible microcomputer.

2. Each work center has a copy of the CADS program contained on 5.25 inch
floppy diskettes.

3. All maintenance personnel in the squadron have received training on how to
operate the microcomputer, and can boot up the CADS program.

4. All maintenance personnel have received training in the use of the CADS
program.

5. There is a qualified knowledge engineer in the squadron to maintain the CAS)
progra:n.

When the work center receives a VIL)S MAF, the workers assigned can

irnmediately boot up C\DS to begin troubleshooting. The NIIMs will still be required.

as the prototype CADS does rot contain the corrective-action repair procedures. The

advantaee of CADS is that its use could possibly reduce the time required in

troubleShooting the discrepancy. CA)S offers a much faster means of searching for

the correct iPo',atIon procedures for a problem symptom.

Isine the IlIMs is often difficult because the maintenance persons constantly

must turn pages between the troubleshooting tables, the appropriate part diagrams and
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figures, and the corrective action procedures section. Using CAD1)S on a
microcomputer with the NIlMs would eliminate the need for constantly referrin back

and forth -ctwcen sections. The maintenance people can interact with CA)S. while

leaving the NI.Ms open to the appropriate figures and diagrams. Of' course, the
ultimate SVstem would integrate a fully developed CADS, all maintenance procedures.

an,' include ll 1l'ures and diigrams. Through the use of "pull down windows', all

in :0riution .vould be available to the maintenance person on the computer. literally at

hi, her tinaer ti.s. '1his would elininate the need for manuals.

(C,,es of rarely occurring or particularly difticuit problems may be beyond the

exper*:,:e of squadron maintenance personnel. The symptoms and isolation procedu res

nav not be contained in the NIIMs troubleshooting tables. The squadron

laintenance Officer may request assistance from the NAESL technical
representatives. Ihe \AESU technical representatives are civilian systems engineers

v,!:h in-depth training and experience with specific aircraft systems. They combine

formal knowledg'e with heuristics (rules of thumb) to solve the helicopter's problem.

'The heuristics of these experts are not contained in the MIMs, but could be

contained in a fully developed CADS. Historic cases of problems not addressed in the

MINIs could be acquired from the experts. then programmed into CADS. Should new
problems occur, they also could be programmed into CADS. This would further

expand and improve the CADS knowledge base. This aspect of CADS is particularly

important when there are no technical representatives readily available.

-\vailabilitv of this troubleshooting expertise is often crucial to deployed [1-40

units of the Navy and N'arine Corps. The Navy has five Helicopter Combat Support

Squadrons with 11-46 helicopters. Four of the five squadrons deploy units known as

detachments on ships at sea for extended periods (six to nine months,;. Lach

detachment contains two 11-46 helicopters, six pilots, and approximately 20

maintenance men. It is hoped that the detachment members will possess enough

knowledge and experience to fix any [H-46 helicopter problem that could occur, without
support of the mother squadron or technical representatives. But what if they have a

problem that is beyond their expertise? I laying a fully developed CADS onboard ship

would prove to he of'iinmeasureable value to dcployed 11-46 units.

'I here are also situations in which non-maintenance people in the squadron could

utilize ('A)S. A common scenario involves an aircraft and crew that lv cross country

to a nother militarv airfield, which has limited or no 11-46 maintenance support
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capabilities. Upon post-flight inspection it is found that hydraulic fluid is covering the

entire inboard aft section of the helicopter. The exact source of the leak is not readily

apparent. None of the crew are aviation hydraulic systems technicians. They call the

mother squadron (on a Sunday morning) for help. The duty personnel are all

administrative technicians. Although unfaimiliar with maintenance procedures and the

use of MI Ms, the duty persons could provide immediate information to the stranded

crew. With the CADS diskettes and a microcomputer in the squadron duty office, they

could boot up CADS, and tell the aircrew the isolation procedures for the symptom.

The author believes that integrating CADS into the 5quadron environment could

improve the effectiveness and elficiency of the squadrons' maintenance efforts. Quite

-ossibly the improvement would be reflected in the MDRs. The YIDRs generated

after CADS integration could be compared to those generated prior to CADS.

Reductions of troubleshooting man-hours, removal and replacement of aircraft parts,

repair times, and accumulated man-hours as a result of work stoppage for maintenance

would be possible indications of improvement.
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III. DESCRIPTION OF EXPERT SYSTEMS AND M.1

A definition of an expert sx Kern is ci', en by ProVe\vor t Jward I eigenhaumn of

Stanford University, one of the leading researchers in expert svste:ns:

an intelligent computer pro.zram that uses knowledge and inference
procedures to solve problems that ire uI1 cult enougLh to require sigiiflcant
human expertise for their solution. Knowledge necessary to Ferform at such a
level, plus the inference procedures used. car. bIe thought of :is a model of the
expertise of the best practitioners of the field.

The knowledge of an expert system consists of facts and heuristics. The
"facts" constitute a body of information that is widely sharcd, publicly avaijable,
and generally agreed upon by experts in the field. [he "heuristics' are mostly
private, little-discussed rules of good judgment (rules of plausible reasoning, rules
of good guessing) that characterize expert-level decision making in the field. The
performance level of an expert system is primarily a function of the size and the
quality of a knowledge base it possesses. [Ref. 4: p. 51

A. EMPHASIS ON KNOWLEDGE-BASED EXPERT SYSTEMS

Knowledge-based expert systems can be considered the most popular type of
applied Artificial Intelligence (Al) systems. Why knowledge-based expert systems? AI

research has been aimed primarily at creating a machine with the capability to perform

problem solving by attempting to duplicate the human thinking process. Less abstract

are knowledge-based expert systems, which focus on domain-specific knowledge used

for solving narrowly defined problems.

Fredrick llayes-Roth, Donald A. Waterman, and Douglas B. Lenat contend that:

Machines that lack knowledge seem doomed to perform intellectually trivial
tasks. [hose that embody knowledge and apply it skillfully seem capable oft
equaling or surpassing the best performance of human experts. Knowledge
provides the power to do work; knowledge engineering is the technology that
promises to make knowledge a valuable industrial commodity. [Ref 5: p. 1I

Knowledge engineering can be defined as the technology of building expert
systems. Knowledge engineers develop expert systems by performing activities of

problem assessment, knowledge acquisition, and representing the acquired knowledge

as rules in the system.

a
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There are several reasons for emphasis on knowledge-based systems in

compariscn with cognitive reasoning methods, or even conventional programs. First.

many of the difficult and interesting problems cannot be reduced to an adap:able

algorithm. Conventional programs process data by means of complex algorithms

which yield specific quantifvable results. They are written in code only programmers

understand. Knowledge-based systems must be user friendly by their very nature.

iHihly interactive, they require user-supplied answers to questions generated by the

program in order to function. Knowledge-based systems allow the user to hait the

processing at any time and ask why a particular line of questioning is being pursued or

how a particular conclusion was reached.

Second, human experts have had a good track record at problem-solving in their

fields because they are knowledgeable. If a computer can be programmed to have this

knowledge it follows that it too can have good problem-solving performance.

Third. knowledge engineers and experts maintain knowledge-based systems, while

programmers maintain conventional programs. The action of a knowledge-based

system is to reason through a problem, not merely execute a mathematical model.

Consequently, the skills of experts in tie given field are required in order to transfer

their abilities to the computer and keep those abilities current.

Fourth. the knowledge base is readable, and can be modified easily. The experts'

knowledge can be represented by sets of if-then" rules written in plain English.

Barr and Feigenbaum suggest that in order for expert systems to be useful and

perform at a siniflicant level of expertise they must include:

* Facts about the domain.

H Hard and fast rules or procedures.

9 Problem situations and what might be good things to do when you are in them
heuristics ).

0 G:obal strategies (methods of approaching any problem within the overall
domain).

S)ilferential diagnoses (methods cf breaking specific large problems into smaller
ones to solvei.

• Possible theories about the domain itself(how and why the domain is the way it
is,. [Ref. (,: p. Sll

Aircraft troubleshooting readily fits into the context of a knowledge-based expert

system. Fault dijgnosis in olves inferring possible causes from a lit of obserxable

conditions and poten'ial flaws !n s\stcni cemponents. following an if-then format. In

'I
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the [1-46 trouleNsh oo ting tables, the observal cnItin I r hzrslso h

is; lation procedures listed for each symnptomr (see Figure 2.2). FLch o! hesC

oo',ervablces 1Irilars a possible problemn cauSe. Given the advantagyes oi 'ovl~e

,oe ystems compared to conventional pro grammin g), Barr and Feicenhams :n".t

He tn; , pas ao I-then structure of' troubleshootine, a diacmti fve- it,

peed-!-t *c !:-.-n.c'vork of d kniowledge-has ed expert systen..

B. DE's( RiPTION OF M.

V1., e. n a 'h S. Ya\or;skv. the MI expert system shUoperates, as;

.:~ s e Nowe en ering tool to aid de*copn.ent c
Cae~c--iem ht a re diagnostic preScription oricrntcz. Ilt :c,

.................................. o LmJ' rucsad acts [Ref'. p. I-1''!.I

.. ~.\::J!. " 2'"rule,,. It P, designed to seek a cL dfnd>h
-.. 1, A :' 'n Hl o:1iton or miultiple po's"11.b SOlaIT!c:- to

....................Kp 0 \ \\N as a! I nv.wecr, a ns wecr q uecs zion a0 1,,;11 i
. ~ ~ 17, .svtcn :oWill calcuIlate cet:tC: ~ r

as. K a \eiastiateduser interface with windowinig cp
iikc t .cri~a~'..and ease te developmnt c :ta.\

:1 13B %I N X . A I. Or compatible microcomputer. usineT PC DO S i
.:crker.:a:r.: RAn \1 iof' 5 12K bytes and two dik driv es. [Rcf. ',:n

\D I ' ;: cc:pdUsir12 a ,eries of' microcomputers (IBM PC, lBM A.\I,

INII'\()/1\ 1II2& . vhiir ds drives and monochrome and c:Cr n-iennors.,

V.,'. a:)l'< r~~. \1. Iwere iniplemented in PROI.OG. N1. 1 '~i'o:2.''

er ; .~: .; >:e ( :~g taoitia igiaage, w\vich is transparent to tc:'r

1 \1 . . r Cv;a._e 2 'no dtabase and calculattine,_ progra.-, ms ;IL: C

........... i p>. i ;.. 1. i:t.a xtniot : n est ga ted i tis researH. l.I n

i~rIp.aa:~ I hie 'knc~ede baseIv~ procramn .code writ ten lv'.t c

1ia'. H rcr _Cl hoC Irc I'd "k I a rd'.r procssor SUch1 as Wodtr i~ 'in

at ~ :1-act ra~~ 'ubarto written rli.

I. I nference 1:tite

I .:.t :re:i.-re .nte! Js at rue~ ~ airs called expressions; that 1e,-r0-e

'he a::rhato on oatnhi ! -1e~ .Ihe rules recpresent aipplica ticr on f o

or i.t~ ~r: . si attas.I Lt'S Mnd rules, characteri/o F'ormal atnd hear~i:s T:c

k:.' I - c. I: . cx I d:ac crane), 1,s le-'criled by Yavorskvas khws



The inference engine will seek values for expressions by methodically considering
previously stored conclusions (cached values), relevant knowledge base entries.
and information supplied by the user. Previously stored conclusions can be those
facts that never change that are resident in the prog-am, or values that have been
determined previously during the run of the program. These conclusions are
stored in what is known as the cache. Relevant knowledge base entries are the
rules and processes in the program which will determine through inferencing, the
values for the expression. If values have not been determined by either the
search through the cache, or by inferencing, then M.I asks the user

What is the value of: Expression?

The reference manual for M.LI gives a succinct example of the order in which a
value is sought Ibr an expression [Ref. 7: pp. 4-2 - 4-3]:

As an example. consider che simplest possible knowledge base, consisting of a
singie knowledge base entr:

goal = advice
When %ou begin a consultation using this knowledge base, the following events
take place:

1. The inference engine identifies the goal expression of the consultation and
begins to seek a value for advice.

2. M. I checks to see if advice is an arithmetic expression for which it can simply
compute the value. It is not.

3. M.1 searches the cache for a prior conclusion for advice. As no such
conclusion yet exists, the search is unsuccessful.

4. M.1 searches through the knowledge base for an entry that can help
conclude a value for advice. No such entry exists, so again the search fails.

5. M.I asks a question:

What is the value of: advice?

to whtich you may respond:

> > sell < Enter >

6. The system has found a value for its goal expression. M.I displays the
conclusion, along with its justification. and returns you to the top-level
interpreter.

advice = sell (100%)
because you said so

M.1 >

The method M. I uses to seek values for expressions via knowledge base entries is
called backward chaining. [Ref. 8: pp. 24 - 261
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Backward chaining is a control strategy that starts with a goal or an expected

conclusion and works backwards, looking for evidence (other goals or expressions) that

support or contradict the expectation. Backward chaining is shown in Figure 3.1.

If A and B Then C

IfD Then A If G and H Then B

If EThen A If J Then G

If F Then E If K Then H

Figure 3.1 Backward Chaining.

The M.1 reference manual gives a good example of its use of backward

chaining:

... consider the following simple knowledge base:

kb-i: goal = best-color.
kb-2: if main-component = fish

then best-color = %ihite.
kb-3: if day-of-week = friday

then main-component = fish.
kb-4: question(day-of-week)

'What is the day of the week?'.
kb-5: if best-color = white

then wine = chablis.

When a consultation is run with this knowledge base, the following takes place:

-27
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I. M.1 begins seeking the goal expression, best-color. After first checking the
cache, the inference engine tries to find a knowledge base entry that might
conclude a value for best-color.

2. Finding kb-2, the inference engine then tests the premise of that rule by
trying to find a value for main-component.

3. After checking the cache and finding no conclusion mentioning main-
component. the inference engine locates kb-3 and tries to use it. kb-3 causes
M.1 to seek day-of- seek.

4. The only knowledge base entry that can help find a value for day-of-wseek is
kb-4. so you are asked the question:

What is the day of the week?

5. If you answer friday, M.l concludes that day-of-week is equal to friday, and
notes that fact in the cache.

6. This causes kb-3 to succeed, and M.1 notes that main-component = fish in
the cache.

*, 7. This causes kb-2 to succeed, and the inference engine notes that best-color =
white. Since this is the goal of the consultation, M.I displays its conclusions
and returns you to the top-level interpreter:

best-color = white (100%)
because kb-2

MA >

H-lad you answered anything other than friday, all the rules would have failed and
'M. I would have indicated that it could not find a value for the goal expression:

best-color was sought, but
no value was concluded.

Note that M.1 does not invoke kb-5 even though logically it could use kb-5 to
infer that wine = chablis after the last conclusion was noted. It does not do so
because nothing caused it to seek the value of wine. M.I never invokes a rule
unless its conclusion provides a value for the expression currently being sought.
An expression is never sought unless it is explicitly declared to be a goal (or
initial data) cr unless it is sought as a result of backchaining from a goal.
tRef. 7: pp. 4-11 - 4-131

M.I also has a limited forward chaining capability. Forward chaining starts

with known or available information provided by the user, stored in the cache, or with

facts in the knowledge base. The goal or conclusions are based on pre-determined

rules and the available information. Forward chaining is shown in Figure 3.2. This

control mechanism can also be used to seek expressions and conclusions that are in a

I8



Given A and B and C

Cycle 1

IfA and B Then D If C ThenE Cl

Add D and E to Working Memory

IfD and E Then F Cycle 2

Add F to Working Memory

Figure 3.2 Forward Chaining.

sequence-specific pattern. The M. I command whenfound or whencached forces the

inference process to search rules in a particular sequence. Used in the form
whenfound(EXPRESSION = VALUE) = LIST

means that if the EXPRESSION has the specified VALUE, then the LIST, which can

be one or more other EXPRESSIONs, is true. For example, if the discrepancy on an

H-46 is "No.1 Generator failed in flight", this is an Alternating Current (AC) electrical

system problem. A control mechanism is needed to force M.I to exclusively search

rules that deal with the AC electrical system:

whenfound(major-system = electrical) =

electrical-sub-system, electrical-sys-symptom ].

M.I will interrupt its backward-chaining process to seek values for the two

EXPRESSIONs in the brackets. In the above example, the user would be prompted

for values of the two EXPRESSIONs

Which electrical sub-system is the problem located?

1. AC system
2. DC system

3. APU system

29
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The correct response being

> > AC system < Enter>

therefore

electrical-sub-system = AC system.

The value for electrical-sys-symptom is found similarly. When it has found those values

it resumes its backward-chaining search through rules with those specific values.

2. Uncertainty

There are cases when the troubleshooters are not absolutely certain that the%
have found the specific cause of a problem. Even having followed the proper

diagnostic procedures, which led to one cause, there exists the uncertainty that there

may be another cause of the problem. M.LI has the ability to represent and use

uncertain knowledge. Yavorskv discusses M.l's handling of uncertainty as Follows:

Certainty factors indicate the degree to which a fact is believed as indicated by an
integer between -100 and + 100, where:

+ 100 reoresents complete certainty.

* 20 represents a minimum threshold of belief.

* 0 represents no evidence for or against.

* Negative numbers represent belief that the fact is false.

* -100 represents complete certainty that the fact is false.

Within M. 1 certainty factors less than 100 (the default value) may arise because:

* the answer to a question is qualified by a certainty factor, or,

• a fact in the knowledge base has an attached certainty factor, or,

* the conciusion of a rule contains a certainty factor. [Ref. 7: p. 4-161

As evidence accumulates during a consultation, certainty factors must be
combined to come up with a single level of confidence for the final conclusion.
In combining two positive certainty factors. the formula used is:

CF-noted = CFI + (CF2)% of(100 - CFI).
An example is shown in Figure 3.3 [Ref. 7: p. 4-17]. Certainty Factor 1 (CFI) =
50 and Certainty Factor 2 (CF2) = 30. So the Certainty of the conclusion (CF-
noted) = 65 or:

65 = 50 + (.30) * (100 - 50).

The combination of two pieces of negative evidence is the same as that for two
pieces of positive evidence, with the exception that after the calculation, the
negative is taken of the result. The formula is thus:

30
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CF 50 CF 30

0 50 65 100

CF 30

kb- 1: if main-component = meat
then best-coior = red cf 50.

kb-.: if" preferred-color = red
then best-color red cf 30.

kb-3: main-component = meat.
kb-4: preferred-color = red.
kb-5: goal = best-color.

best-color = red cf 65
because kb- I and kb-2.

Figure 3.3 Combining Two Positive Certainty Factors.

CF-noted = - (I CF I I + I CF2 1% of (100- I CFI I))
= CFI + CF2% of (100 + CF1).

For example, for a Certainty Factor I (CFI) = -50 and a Certainty Factor 2
(CF2) = -30 the Certainty Factor concluded (CF-noted) = -65.

-65 = -50 + (-30) * (100 + (-50))

To combine both positive and negative evidence, the two certainty factors are
added, then the result multiplied by a scaling factor of 100,(100 - A) where A is
the smailer of the absolute values of the two factors. The formula:

CF-noted = (CFI + CF2) * 100/100- A),
A =min(j CFI 1,I CF2 ).

An example is shown in Figure 3.4 [Ref. 7: p. 4-191. Certainty Factor 1 (CFI) -

-50 and Certainty Factor 2 (CF2) = 70. A = min(I -50 I, I 70 I) = 50. So the
certainty of the conclusion (CF-noted) = 40 or:

40 = (-50 + 70) * (100/(100 - 50)). [Ref. 8: pp. 27 - 29]
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CF -50 CF 70

-100 -50 0 50 70 100

40o to

CF 40

kb-i: if maiii-comonerint = fish
then best-color = red cf -50.

kb-2: if sauce = tomato
then best-color = red cf 70.

kb-3: =nin-component = fish.
kb-4: sauce - tomato.
kb-5: goal = best-color.

best-color = red cf 40
because kb-I and kb-2.

Figure 3.4 Combining Positive and Negative Certainty Factors.

The Teknowledge Reference Manual provides a list of interesting

consequences, when using the above method for calculating the combination of

certainty factors:

* The final certainty factor is independent of the order in which evidence is found.

• As positive evidence accumulates, the resulting certainty factor approaches, but
cannot pass. 100. Sirmlarly, accumulating negative evidence can approach, but
not pass. -100.

e Once the certaintv of a conclusion reacheq 100 or -10, t cannot be c:anccd
again by additional incorrang eidence.

* Certainties below 100 cannot combine to produce 100. Certainties above -10)0
cannot combine to produce -100.

* 0 combined with any certainty factor leaves the certainty factor unchanged.

• Equal positive and negative evidence will exactly cancel out (except - 100 and
-100, that cannot be changed once concludei). [Ref. 7: pp. 4-19 - 4-201
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This chapter gave IFeicenbnaum's definition of an expert systemn. I t a:;o

p rouce-d a discuss ion of' wv knowledg.e-based sys tems have become popular "or

prole-\ovig itUatlons,, thle advariages of' expoIrt systemns over conventional1

pering.and why, diaenost,.*c systemls Meet thle criteri a for use In a knowlvedge-

nac vtmas definedl by, Barr and IeligenbaILimI. The remainder of' the chapter was a
ce~~pinof Ithe bsc workings of the knowledge engineering tool NI. I. b ased on

N )vr~kv discL's;ons. TI s includd the hardw.are and software rekjuirem-ents fo r

:- unnine NM. howv thei i. I infecrence enzine works, and how.% %I.1 handles uncertainty.

Ihe next chdinter w il desi ribe the staeyused to develop thie prototype CADS

~~nc\~~ -e cb c xet %'Stenl using N. 1.



IV. CADS DEVELOPMENT STRATEGY

The strategv used to dexelop CADS was derised from a combination of- three

nme-hod]olog_,es for bnuilding expert systems. They arc 1 larmon and King Ref. 4': p.

17Y, Hfaves-Roth, Watermnan, and Lenat [Ref. 5: pp. 1;9 - 160[, and Icknowledge. Inc.

[Ref' 9: pp. 11114.These methodologies can be surn-inari/ed in the follov.ing Six

stens:

I. Identify and define a problem or task. Test for expert system suitability.

2. Select a tool to build the expert system.

3. Acquire and analyze knowileg of-the domain- specific area.

4. Construct several example cases that the expert system will solve.

5. B3uild a prototype.

6. Trest, revise. and expand the prototype.

A. STEP 1: IDENTIFY AND DEFINE A TASK

T-he task oll troubleshooting helicopter systemn problems was chosen for f-or this

study for several reasons. [he author 's exp erience as a helicopter squadron Post

Mlaintenance Functional Check Pilot has indicated that "good" troubleshooting skills

are particularlyv ditflicul: to obtain. These skills are difficult to obntain bhecause of' the

extensive training And experience required. The lack of comprehensive documentaltion

of' hel icopte.r problems and troubleshooting procedures intensities this ifct.

Once i1ientified. the task area was tested for expert system feCasibility usinei the

criteria outlined h-, I aves-Roth, Wkaterman. and ILenat I Ref' 5: p. 10)'j. and the

Icknwleee M~lSample Knowledge Systemns' manual JRCf. 9: pp. 11-5; - 11-SI;

1 'it,' task arca shouldi /'Ous on a narrow specialiv that d~ es ztio :'l v a lot oI'

'wunefl .se'.ns ktiowledge ,(' I Ref' 5 : p. 1 00. 0I S t of CWh1)at Is knw a11 L %1 t110U I I -4 6
diagnostic procedures is formnal kNnewiedge contained in the anenc
mnanuals. It is well defined, seicand accepted In, the experts. ! or these
reasons this task meets the domnain-specific criteria, and doe,, not require the
exclusive use of comrmon sense knowledge I'or problem-solving.

2. (1,,od do~i'sand 'asks are knov.-edgc-intcnsive. Knowledge-Intensive tasks are
dont-ain areas III which highler competence levels are gaincd thruugh



b.

increased knowledge of and experience in the task. Because of this relationship
between competence and knowledge. knowledge-intensive tasks are
characterized by considerable differences in peoples' performance ability. Ilhe
knowledge domain of troubleshooting helicopter problems fits this definition of
a knowledge-intensive task.

3. Facts are accessible and generalitV understood by typical users. Facts and
tcrminology about troubleshooting H-46 helicopters are familiar to maintenance
pecple. Novice troubleshooters generally know how to hook up and use
equipment such as voltage meters to gather facts about a problem. The
diagnostic expert system could ask the troubleshooters for voltage meter test
results, which they would understand.

4. Facts are stable for the duration oj' a consultation. Facts about a thelicopter
problem generally remain true or false throughout a troubieshooting session.
r-or example, if a troubleshooter is using a voltage meter to gather information
about a failed generator, the voltage readings will remain the same during a
particular troubleshooting procedure. The problem does not change.

5. Solutions are enumberable. If all possible solutions to a problem can be listed in
advance the solutions are enumerable. The maintenance manuals'
troubleshooting tables list most of the possible causes for all system symptoms.
Those not covered in the tables can be acquired from the experts.

6. Entities in tMe domain are discrete. Helicopter system problems can be readily.
described as facts, values, and objects. For example, the isolation procedures
for troubleshooting the symptom "No.1 GEN FAIL light On" is to test !or
generator terminal voltages, and cross-connect supervisory panels, checking if
the generator comes on line. These conditions are discrete entities with specific
values. The values can be "true" or "false", "yes" or "no", or numeric. They are
not continuous or "fuzzy" like trying to describe the "attractiveness' of an
financial investment.

T. The :ask passes the "telephone test". The domain area of a troubleshooting
problem passes the telephone test as described in the Teknowledge I1 Sample
Know.ledge Systems" manual:

A .ompetent performer could help the intended user of your knowledge system
oer the phone. This means that a verbal dialog is sufficiently rich to capture
the important facets of the problem. If perception plays an important role in
problem solving, then the task will fail the telephone test. The knowledge of a
master mechanic who depends on the sounds and odors of the en,,,eine wi!l be
dimf1cult to capture, for example, unless the mechanic and end-user are able to
communicate about these cues unambiguously. [Ref. 9: p. I I-S]

After identi fing a problem and testing for expert system feasibility, the scope

and limitations of the knowled2e base were defined. These are described in Chapter 1.
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B. STEP 2: SELECTING A TOOL

The knowledge system development tool marketed by Teknow!edge, Inc.. known

as M.1, was selected for use on this project after consideration of' the avail,.h!e tools.

The M.1 tool has many advantages. First, M.A is designed to prototype

diagnosis prescription consultations [Ref. 4: p. 179]. The problem ,elected for this

study concerns such consultations.

Second, progranirnng with N.1 is relatively easy to learn, and resuiting programs

are easy to use. It is programmed using "if-then" rules written in near plain Engliskh.

Third, M.I has been applied to automotive diagnostic syse :ns. I)iugcnostlc

processes are basically similar, which makes M.I an excellent tool for the problem

c.nsidered in this study.

Fourth, .M.1 is available for educational purposes at the Naval Postgraduate

Sch;ool by agreement with Teknowledge. The documentation and teaching materials

that accompany the M.I program diskettes are clear and easy to read.

Last, the knowledge base program can be written using any IBYI PC compatible

word processor. Both SIDEKICK by Borland International, Inc., and WORI)STAR

by MIcrol'ro International Corp., which have similar editing commands, were used.

SIDEKICK has the advantage of allowing the author to alternate rapidly between the

running program and the text editor to make changes to the knowledge base. This

f'acilitates debugging and adding rules. However, SIDEKICK has a limit of

approximately 1100 S lines of text or program code per notepad file. When a knowledge

base module exceeded this limit, WORDSTAR was utilized.

C. STEP 3: ACQUIRE AND ANALYZE KNOWLEDGE

Knowledge acquisition (KA) is probably the most difficult step in building expert

systems. It involves .the transfer and transformation of problem-solving expertise

from some knowledge source to a program" [Ref. 5: p. 129]. Mark I). Grover describes

KA as a three phase process: domain delinition, fundamental knowledge formulation,

and basal knowledge consolidation. l[he three phases are shown in Figure 4.1

[Ref. 10].

KA is pertinent throughout expert system development. Because of this

importance, Grover's KA cycle was integrated with the six steps of the CADS

development strategy. the relationship between the KA cycle and the six development

stcps is shown in Figure 4.2.
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Figure 4.1 Knowledge Acquisition Cycle.

The first phase of the KA cycle is described by Grover as:

...the careful understanding and recording of the domain. The goal is the
production of a Domain Definition Handbook containing:

* General probiemn description.

*Biblio~ra-phy oil reference documents,

*Glossar-, of terms, acronytms, and svmbols,

* Idenzificatior. of authoritative "experts,"

*Dclin.'ion ot apnropria~e and reaii',Lic performiance metrics, and

* Description of example reasoning scenarios. [Ref. 101

This research documentation is considered the Domain Definition Handbook for

*this project. The general problem description and the identification of reference

docurnentation were accomplished in step one of the development process. The

knowledge engineer then must become familiar with the knowledge domain. This is

done by acquiring knowledge from books, manuals, technical publications, and
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KNOWLEDGE
ACQUISTION CYCLE SIX STEPS OFTHE CADS DEVELOPMENT

PHtASES STRATEGY

1. IDENTIFY AND DEFINE A TASK{.
TEST FOR EXPERT SYSTEM
SUITABILITY

DOMAIN DEFINITION 2. SELECTATOOL

3. ACQUIRE AND ANALYZE
KNOWLEDGE OFTIlE
DOMAIN -SPECIFIC AREA

FUNDAMENTAL KNOWLEDGE
FORMULATION 4. CONSTRUCT SEVERAL EXAM I'LE

CASES

BASAL KNOWLEDGE 5. BUILD A PROTOTYPE

CONSOLIDATION 6. TEST, REVISE, AND EXPANDTIlE

PROTOTYPE/SYSTEM

Figure 4.2 KA Cycle and CADS Development Relationship.

pamphlets. The objective is to investigate and become familiar with any structured

problem-solving methodology that the domain utilizes. The author as the knowledge

engineer familiarized himself with the H-46 diagnostic process. The knowledge and

process were analyzed to prepare for the construction of sample cases, which are

discussed in step four. The bibliography of reference documents for CADS consists of

the H-46 maintenance manuals.

A glossary was initiated (contained in Appendix A) to include acronyms and

expressions which are characteris:ic of Naval aviation maintenance.

Identification of experts in the domain was accomplished by asking the Nava: Air

Systems Command H-46 Program Manager (NAV,\IRSYSCOM PMA-261 to identify

technical representatives who are knowledgcable about the recently modified H-46.

Five Naval Aeronautical Engineering Service Unit (NAESU) technical representatives
were identified. They are located at Marine Corps Air Station Tu tin, California, and

Naval Air Station North Island, California.
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F A iscussion of' the per Form ancecc metr Ics andJ formulatIon o!f sNJIr'"e C

net CLtiof.

D. STEP 4: CONSTRUCT SEVERAL SAMPLE CASES

iPhaSC two Of' GrO\ or S K.\ c'.'l 1 i finda riental knoxledee fCrnilar.on. ':2
includes, ,tens three. fo(ur, and five of' the CA[DS kUe\elopm-ent rrOLCs\. In !r -. '

inn.cases are sciected and formnu!laed fo r soluto y h xpr

IFund0Lmentoia knowledge tshould represent situations that are txpiCJ,. weh7 ua:'t U.
fortv xpco minimum uo peIrmne prdcal tIn and corecin, an.r

and~~~~~ ~~ h e e petd c cuio s. W hen the initial cases hlave h e o m t
adcntre doanepetrves the cases for correctness. "hsrv.....

delineation of' capailities which can be expanded anid subjectcd to experinwen*atian

[Ref. 101. This ca)re of' reviewod Initial cases becomes what Grover ca!'s thle

IFundamental Knowledgc Corpus.

Constructin2 the initial sample cases can be considered the ;first step _towaroi
desh:zni n g the s~stemi and identifying the perf'orm-ance criteria. The perfcrmntcc nctr:cs

of' "he svs~:em were defined as follows:

I. he coal of' the Initial cases, arid ultimately the entire svstem., siwl-:,l be
identinied. What is the system supposed to solve?

2. The Isolation procedures should be displayed to the user.

S.The system should ask the user questions about the, outcomnes of the perf-ormled
isolatio)n procedtires.

4. The user should be given a list o." possible answvers to the questions that the
vtenasks.

5.3a.ed on the user's responses the s-ystemi should display the correct, conc]luion0
abhout tho helicopter problem (goal).

Whats te toublshoters gal? The coal is to find the cause of a helcore
-stem; rbim In terms of' M. 1:

goal = problem-cause.

I inding the actual cause of' a helicopter problemi is paramount. Once the ac-iia' cause1;

is known then the correct appropriate action can be token. instlead of' merely hnci

comrponents. wkithout really identif'J ng whether the component :cnrais thle fault.

\frthe coal of- the system's 'knowledge base was Identified, the Initial scenarios

wvere Lot',1*rUcted from the svmrptons And Isolation proceduires of' the mnwtena-nje

nmanuals' troubleshooting tahles. The problem catuses listed In the troubie~j-k'.ot:Ii1

tables were examined, theni the isoation prceduresC1 were_ aMJI\,:cd to ie t he



conditions that would lead a troubleshooter to those causes (goal). The outcomes and

conditions of the isolation procedures became the antecedents of rules for which the

problem-cause was the conclusion. Several rules were then drafted on paper, written in

pseudo-English. i.e., the "if-then" format acceptable to M.I.

Refering to the example discrepancy discussed in Chapter 11. the No.1 electrical

generator malfunctions on the helicopter. One of the symptoms of this problem is that

the No.1 generator failure light has illuminated on the cockpit caution light panel.

This symptom is listed in the troubleshooting tables as "GEN FAIL light On". See

Figure 2.2. According to the troubleshooting tables, there are two outcomes of the

isolation procedure (cross-connecting the supervisory panels): 1) the generator comes

on line and the No.1 GEN FAIL light extinguishes, or 2) the generator does not come

on line and the light remains illuminated. If the generator comes on line then the

supervisor' panel should be replaced, implying that the cause is a faulty supervisor.'

panel. The symptom and each of these outcomes are conditions which would lead a

troubleshooter to this problem-cause. The rule can be written thus:

if symptom = 'GEN FAIL light On'

and 'generator comes on line'

then problem-cause = 'Faulty Supervisory Panel'.

The CADS program prompts the user for the symptom and possible values for

the conditions. in M.l each of these conditions is recognized as an expression. M.I

then uses meta-facts to determine the values of the expressions. Meta-facts are

knowledge base entries that provide information or directions about how to determine

a xalue... [Ref. 9: p. 4-61. The most common meta-fact used is a question:

question('generator comes on line') =

['Having performed the isolation procedure,

does the generator come on line?'].

-he answers to this question are displayed using the M.I meta-fact legalvals, which list

the lecal values of the expression 'generator comes on line'. The possible responses to

this question are written in the meta-fact:

legalvals('generator comes on line') = ['yes','no'j.

I lad the user answered 'yes', the expression 'generator comes on line' would be true.

and the problem-cause displayed, ending the consultation.

Rules and n-eta-facts were written on paper following this logic for several

problem-cises. A et (-f recta-facts and rules leading to a conclusion (goal) are

*.."0



cosdered a case or scenario. These meta-f, cts and rules were then coded into the

program !or an initial protot~ne, whic Is Ic e net

E. STEP 5;: BL TILDING A PROTOTYPE

-1 he-i strateev for buiding the ifi'tidI CADS) prototype was to use the adapti'

2.n mnethiod. better known as protot:. ping. U:ing the prototvping method. a

.\riOA~ledL~e c-ine cn I ) hu Id a %vorkting sytm qLkl\. 2 vIat te
dpprorultencss o!' the initial design kluickx' without investing large amounts of tiMe
atd enrvitoa norkable desien. and 3 make adoaptions to the desien. user

inefaeand out'puts. On10: anl initial working prototype is de\ eloped, the knowledge

ene1-ineer ca nmodify and reline the program as necessary.

Fhe Ability to make chanizes and adaiptions to the CADS knowledge hase systemi

design, is impnortanit. When the initial CAD)S prototype was completed. inevews xith

thle 11-40 maiintenance experts were conducted to acquiire their knowledge of

trotibleshooting eChniques and procedurcs. [hey reviewed the MINIs troublesh-ooting

tables for correctness and ad~ded new~ inFormiation. [he prototype CAD)S knowledge

hase was miodIfi.ed acCOrdinel_'V. to Include this; expert knowledve.

1. sing the prototvpin approach. tho first set of ruies, questions, and meta-facts

were w.ritten, entered into MI. 1, and' run. Logic flow and solutions to helicopter

discrepanc.:s were compared with those given in the maintenance mianua-ls. As CADS

iled the correct problem-cause, more rules and knowledge base entries were written.

The know'ed~ge bases f'or each sub-system of the electrical and hydraulic systemns were

conleted In this iterative manner.

Fihe log-ical and phvyical strUCtures. of' the CADS knowledge base are similar.

1 hie knoxl'.d"C base is divided into modules. Each module represents a aihs~stern
knowede bae.-he electrical svstem is divided 'into three sublsxstemns: A*C system.

1DsCtm and AM-1 systemn. The hydraulic subsystems are the flight control system.,

w ~fle cpwe -~.. :rol pressure indicating sy'stem.1 UtiitV oe \- ei and -ie~ utili1ty pre"Sure

inaLkcarino system. I[his structure is showni in Figure 4.3.

t.sing this 'divide andi conquer approach, each knowledege b-ase module was

Writ:en independently. This struc!ure was cnlosen over the option of' having one.
in~mn~eknoledigc base. NI udulari/niZ the CADIS knowxledge base allowed the

knowledge engineer to conicentrate on a specific s ubsystem, enhancing the ahilitv to

deb IUg and revise.

a- 41



CADS PROGRAM

INITIALIZATION

MOIDULE

IELIECTRItCAL, IYIDRAUILIC

SYSTIEM! SYSTEM

MODUI.E MODULE

A C SYSTEM IC SYStIEM AIPU SYSTEM FLIGHT'CONTROI. UTILTIY POWER
SYSTEM SYSTEM

KNOWI.I:IIGE KNOWLEDGE KNOWI.EDGE & &
HASE BASE BASE FLIGHT CONTROL UTILITY PRESSUREPRESSURE INDICATING SYSTEMINDICATING

SYSTEM KNOWLEDGE BASE

KNOWLEDGE BASE

Figure 4.3 CADS Knowledge Base Structure Chart.

Modularizing requires that there be a top-level control module to initialize the

CADS program, and to load the appropriate knowledge base file. The top-level

module begins the CADS consultation by offering the user directions and asking in

which major system and subsystem the aircraft problem is located. The appropriate

knowledge base is then loaded.

F. STEP 6: TEST, REVISE, AND EXPAND THE PROTOTYPE

Grover's third phase of the KA cycle is basal knowledge consolidation, which

relates to steps three, five, and six of the CADS development strategy. This phase is

an iterative process with the objective of testing, improving, and expanding what

Grover calls the Fundamental Knowledge Corpus. Basal knowledge can be considered

a core knowledge base system that meets the minimum performance metrics listed in

step four of the system-building process.
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1. Testing and Verification

Testing the CADS prototype involved evaluating the advice that was disp!ayed

(isolation procedures), the data acquisition process (questioning). and the conclusions

reached.

In defining the test criteria the following questions were considered:

* Does the top level module initialize the CADS program propery?

Is the correct knowledge base loaded'?

Are the correct isolation procedures provided in the correct sequence?

Are the right questions being asked in the correct sequence. and for the right
reasons?

* Are the conclusions correct? Given the responses to the questions, is CADS
finding and displaying the correct problem-cause for that combination of
conditions?

• Are the isolation procedures, conditions, and conclusions consistent with the
experts?

To answer these questions, testing was performed in two phases. The first

phase of testing involved evaluating the system for consistency with the maintenance

manuals' troubleshooting tables. Because of the known inadequacies of the

maintenance manuals (out of date, inaccurate, lack of information), a second phase of

testing and verification was necessary. This second phase was to check the prototype

knowledge base for consistency with the experts: the five NAESL technical

representatives.

The first phase of testing was conducted throughout prototype development.

As the rules were written, each conclusion was manually checked to determine that the

antecedents (conditions) leading to it were correct. Each antecedent must have a value

either solved for by the system, provided by the user, or stored in the cache, for the

correct conclusion to be reached. This ensures that questions prompting the user for

values are asked at the right time and under the right conditions. CADS has been

tested and works according to the information contained in the troubleshootinc tables.

As mentioned above in step four, problem causes listed in the troubleshooting

tables were examined, and the isolation procedures were analyzed to identify the set of

conditions that would !ead to those causes. Many inconsistencies were noted in the

troubleshooting tables. The sequence of isolation procedures was sometimes vague.

Outcomes to procedures were missing or suspect. A copy of the electrical and

hydraulic systems troubleshooting tables, with these notations, was sent to the experts

for clarification, initiating phase two testing.

43

. . - " " , .. . . , - ,... " '-' - "- - .- , -" . -" -. -- ..'- --- " -'-'-.-* "-'



The objectives of phase two testing were a review of the CADS knowledge

base by the experts, and acquisition of the heuristics of the experts. The experts had

approximately three weeks to review and comment on the noted discrepancies of the

.II.Ms tables. Then face-to-face interviews with the experts were conducted.

During the interviews, the experts and knowledge engineer reviewed the

discrepancies noted in the troubleshooting tables. The experts provided up-to-date,

correct information of the electrical and hydraulic systems troubleshooting procedures.

They also had the opportunity to run and evaluate the CADS prototype.

2. Revision

Based on the experts' review of the CADS protot\'pe and the troubleshooting

tbh!es. revision of the knowledge base took place. Rules, display of isolation

procedures, and questions were rewritten as necessary. After this revision, CADS was

considered a completed prototype for the purposes of this project. Its knowledge base

con-tains both formal and heuristic knowledge of the experts.

As discussed above, basal knowledge consolidation is an iterative process. An

expert system's knowledge base is continually reviewed, up-dated, and improved by the

knowledge engineer in collaboration with the experts. However, further iterations of

CADS are beyond the scope of this project.

3. Expansion

The rules and meta-facts were revised after the experts' review. There are no

plans to expand the CADS knowledge base further at this time.

W
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V. RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

A. RESULTS
Improper troubleshooting techniques result in lost time, unnecessary removal of

system components, and in wasted resources. These problems are not exclusive to the

Navxs 1-1-46 helicopter community, but are common throu,,hout the military. A

possible solution to these problems is the application of expert systems technology --

not on-y to the Navy's 11-46 helicopter community, but to other military maintenance

processes.

This study was undertaken to demonstrate the feasibility of applying expert

system technoloav to the Nav1's 1t-46 helicopter maintenance process. A

microcomputer-based prototype diagnostic svstem known as CADS was developed for

this purpose. The prototype CADS does what it was designed to do: aid 11-46

squadron maintenance personnel find tho cause of helicopter electrical and hydraulic

systems problems. Therefore. the answer to the main question addressed in this study

is "yes", a computer-aided diagnostic system is feasible and and applicable to the

Na3's 1-1-46 helicopter maintenance process. The success of CADS suggests that

expert system technology may be appropriate for general application to military

maintenance systems.

B. CONCLUSIONS ABOUT N1.I AND CADS
1. Application of M.I to structured selection problem-solving

The NI.I knowledge system development tool is particularly suitable for

building knowledge bases that use a structured selection approach to problem-solving.

Structured selection is a problem-solving methodology by which the problem-solver

systematically progresses through a richly structured search space of enumerated

problems. These enumerated problems have been seen and solved before. The "task is to

select and refine a solution for a particular case rather than create it anew.

It ha; been shown in this research that diagnosing helicopter problems uses

such a structured selection approach to problem-solving. Symptoms and causes of

helicopter problems are enumerated and contained in the maintenance manuals

troubleshooting tables. Most or all of the problems have been solved throughout the

history of the 11-46 helicopter. Troubleshooting of these problems, plus an' new one,

-15



that arise, is conducted daily. As a result. dlae nosinv helicopter problemns ro :t

good example of an M.1 problem- solIv ing application.

2. MIemory requirements for CADS

* iThe prototype CAD)S developed for this research is contained on two
.2-inh.360K bvte iloppy diskettes. One diskette onains th \CDS iniiation

ioule a::d the C:ADS executable 11ie, ulsing 2-16K bytes of' disk spatce. I[he ,econd

dike-ttc contan, the, rnodu~arii,'3 subv\zem knc%vlcdee bases, which -use V',3VK 'rvto of'

u Isk nacc. Thlesc knowledac base files can ile called b% the :n t ii i moul

whehe theyc remain on the d'iskette or have been copied to a hard dik drise

Th c(CADS executable file can be configured !or use on two floppy disk dirl~es

or on a hard disk drive. Use of' floppy diskettes in the: two drive conifleuration:1 ens'ures

portability of' the program. I lowever, thec recommended configuration is for u,,c on a

hard dis k drive, For several reasons. First, a CAD)S knowledize base is loaded, much

flaster, and the iniference process executes much fhistcr or, a hard disk drive: knowledge

base files can be called and loaded wvithii 30) seconds byv the initiali/atioL module. "Ihis

operation can take over five inutes in the two drive configuration, depeniding on the

knowledge base site , number of' rules Ind m'eta-facts).

Second, the hard drive confiiguratilon is recommended in view of' the recent

contract for Navy-wide implementation of Zenith 248 microcomputers. Currently,

each squadron has one such microcomputer. It is anticipated that mnore will he

installed in the Future.

3. Modularizing the CADS kno~~edge base

M-dulanizing the CADS k nowledge bases has several advantages. First, a

more eflicient use of memoryv space is realized by having only the Initialization Modlule

and the executabile file (both on CAD)S diskette 41) remain resident In R"AM. Mu Lch

less microcompruter memnory space is required with this configuration. The knowledge
dbase ;iiles remajin on CADS diskette =2. and are aIccssed as necessary.

Second. the inference process is more efficient. Since onlyv one knowledge base

module is ioaded at a time, ten'rcigprocess searches For v-alues and rules

pertinent to that particular helicopter \ystem. Computer processing time. and memnory

is not wasted in searches down branches of irrelevant s,,stems.

Thrdiod.Ularity allow; 1"or expansion of' the system, \s Ithout hav.ing to

icase the res~juiremecnt For the icrcopter's RAM space. Because informiation

ab Iout the hic~opter systems is di'. ded into separate knowledge basec files, additional
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modular knowledge bases could be developed and written, independernt of the or~ginal

prototype. I hese additional knowledge bases could be integrated into the system. with
little modiflcation required of the initialization module. The moditlcat.on ballaIv

reqluires the adCition of valid answers to existing questions, and the adjtion of a rule

to ioajl each new knowlede base.

4. sing the trace function to demonstrate reasoning

(.A)S provides an excellent training tool for inexperienced troubleshooters.
, Ilowever, the original proposal for using the trace function to show the reasoning

process ha', not been satiiactorv in this M.1 implementation.

\I.1's inference tracer displays information describing the inference process.
Also displaved are questions, menus, prompts, expressions being sought, w hich rulcs

havc succeeded or failed, and which knowledge base entries are being fired. The trace

finction ;, intendel ,or use by the knowledge engineer in the development stage, 'or

find I' subtle Cauts in the knowledge base. As a result, M.'s trace function traces
through the knovlede base seeking values of rules which are not relevant to finding

the cause of the problem. This reasoning is not necessarily similar to an experts

roa,cl!ng nethod.

.\nother disadvantage of the trace function is that rules and expresion s are
displayed exactly as they are written in the knowledge base. Readability of the rules

and expressions displayed becomes a function of the progranmmer's writing style.

.\lthouch the rules are written in if-then' format using near plain English. the,, may
seem cr.ptic to a user unfamiliar with the language of expert systems and NI.1

5. Training kanoiledge engineers for the Navy

lhe possibility exists for new system discrepancies to appear throughout the
1[-46 fleet. If' CADS were implemented, there would be a need for people within the
helicopter squadrons who are able to document and program this new information into

exiting CADS knowledge bases. These people must be familiar with the language of

exp.ort systems, and in particular with the use of the M. I knowledge development tool.
Because of the ease of developing expert systems utilizing this tool, people

with little or no programming experience could be trained for this purpose. lie I. S.

Armv Signal School at Ft. Gordon, Georgia, has such a training program. :\rmv

pers onnel with expertise in particular technical areas, but with) no programming

expcrien.e, attend a two-week training course. They learn how to u'.e M.I. aind
develop small uscable systems within that time. The Navy could set up a similar
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school for this purpose. People with this valuable training could return to their

conunands where they could main'tain existing CADS software, plus apply this
tecnologv to other problem-solving area,, developing new and useful systems.

Knowledge gained from this type of training would be particularly important

!'or invp-oving and expanding the "corporate knowledge" of troubleshooting expertise.
.As new problems rise and are diagnosed, and as existing procedures are improved and

updated, this new knowledge can he programmed and put to immediate use. This

could prove to be an advantage over printing changes on paper, for incorporation into

updated printed manuals.

C. SUGGESTIONS FOR FURTHER STUDY

1. Knowledge base expansion

The next step a'fter prototype development is to expand the prototype CADS

into a fuillv deveioped expert system containing all the diagnostic information of all the

helicopter systems. fully developed CADS could also contain the corrective action

procedurcs for each helicopter system discrepancy, and other amplifyving maintenance

infornat:on. Such a long term project might involve a more structured analysis and

design of diagnostic information about the entire helicopter. ltoweser, the prototyping

development approach could be integrated with the information structuring.

Additional knowledge acquisition would also be required to extract all

pertinent knowledge from the maintenance manuals and the experts. This would

involve more interviewing and survey hours than that required for the development of

the CADS prototype.

If 1A)S were expanded to include other helicopter systems, more secondary

memorv would be required for the program. Including all helicopter subsystems as

additional knowledge bases would increase the requirement for floppy diskettes

gnifint!y. If the user has a microcomputcr with only two floppy disk drives, it will

he necessary to load and unload the diskettes, whenever troubleshooting dif erent

helicopter systems is required. Also, loading and inferencing times will be significantly

slower. Although the expanded CAI)S would be portable, it is recommended that an

expanded system be used on a computer with a hard disk drive.

2. Enhanced use of M.I explanation facility

The prototype CADS could be improved by providing more specific

explanations to users, enhancing readability and making the system more expert. This
could be accomplished by utilizing the M.I explanation facility. Customized
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explanations. ampliylng information about a path of reasoning, or elaboration of"

heuristic knowledge would be displayed when users enter mhy in response to a

question. Ordinally, if'a user entered why. M.I would only display the knowledge base

entrvuinder consideration.

3. Enhanced use of the "unknofn" response

Jhe term unknown is alwavs an acceptable answer to questions posed in NI. I.

This gives the NI. (and CADS) inference process the advan:age of continuing to

search for values even thcugh a value has not been concluded. It causes the

inuferencing process to change its search to other branches of the knowledge base.

allowing for the solu:ion of other values, to seek a conclusion. The prototype CADS

knowledge base could be expanded to provide additional information should t-e user

select unknown as an answer. This is accomplished utilizing the NI.I control conmmand

whenfound to displav a text string of additional information.

Integration with graphics

Ultimately, a fuliv developed CADS could integrate all diagnostic information.

figures. diagrams. and maintenance procedures. Through the use of "pull down"

windows, all information would be available on the computer for the maintenance

person. This could eliminate the need for printed manuals.

Integration with graphics software could be an initial step toward such a "allv

developed system. M.I has the ability to access graphics programs through C language

patches. The use of graphics to describe system components would greatly enhance

the ability of maintenance personnel to troubleshoot problems. With graphics,

component location and troubleshooting procedures could guide personnel through

maintenance procedures. This could be extremely useful if the maintenance nersonnel

are unfamiliar with maintenance procedures.

Graphics enhancements such as color, rotating three-dimensional vie1' of

components, and rotating transparent views of the helicopter are also possibilhti>, Cor 

future study. The use of these graphics techniques would fac'litate trouhlc,hoot~ng.

Used in a training environment, such graphics techniques could make lc.i:,

helicopter troubleshooting an exciting, motivating experience, especial'\ 'or a

generation of young mechanics raised with video games.

5. Integration with CD-RO1M technology

Other futuristic possibilities exist for a CADS integration with Comp:ict l)i,,c

Read Oni Memory (CD-ROM) technology. This not only would provide :n
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extremely portable medium, but would significantly reduce or even eliminate literally

tons of printed paper. This consideration is of particular importance in relation to

helicopters deplcyed aboard ship. Eliminating the need for shipboard office space

containin2 tons of technical manuals is critical.

6. Study of CADS implementation in the squadrons

Implementation of CADS in the squadrons and in deployed units offers many

interesting possibilities for further study. This research could be conducted using the

prototype or a fully developed system. However, a study using a fully developed

s':stem would be more desirable, to evaluate the success of implementation. Prior to

intlation of any studies, an implementation plan should be developed. Studies could

inciude the amount of training required to familiarize maintenance personnel in the use

of microcomputers and CADS. Comparisons could be made of the learning curves for

computer literate and illiterate users.

D. RECOMMENDATIONS

The following is a list of recommendations concerning the use of CADS and 'A. I

in general:

I. Use the M.1 knowledge-based system development tool for building knowledge
bases that use a structured selection approach to problem-solving.

2. Implement CADS on a hard disk drive system for effIicient use of memor.

3. Keep the knowledge bases modular in large system applications for efficient use
of memory space, efficient inference processing, and ease of system expansion.

4. Train Navy personnel to use M.1 to develop immediate and useful systems, and
to maintain implemented systems.

5. Expand the CADS knowledge base to include the rest of the helicopter's
systems.

6. Improve the M.1 explanation facility, and the "°unknown" response to provide
more specific information to users, enhance readability of the system, and make

tie system more expert.

7. Add graphics capabilities as a first step toward a fully developed system.
H elicopter component descriptions utilizing graphics would enhance
troubleshooting.

S. Investigate the possibilities of integration with CD-ROM technology.

9. Develop a plan for implementation of the system in the helicopter squadrons.
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VI. SUMMARY

.\ microcomputer-based prototype diagnostic system, known as CAI)S. has been

developed to demcnstrate the feasibilitv cf applying expert system technolo2y to

h~hIcopter maintenance. This system diagmoses electrical and hydraulic system

problems in the Navy's CI-46D S,R,&M helicopter.

As an interactive program, C.ADS prompts the user for information with a

sequerice of' questions, and provides valid answers. The sequence of questions depends

upon the answers that the user -elects. As the questions become more specific, the

program searches the knowledge base for valid causes of the helicopter system

problem. Searching is accomplished utilizing a backward chaining, decision tree

technique to find solutions.

Chapter II discusses the Naval aviation maintenance process, current

troubleshooting procedures, and how CADS could be integrated into the

troubleshooting process. The written references for the CADS knowledge domain are

two volumes of 15 maintenance information manuals. These two volumes contain the

electrical and hydraulic systems. The prototype CADS solves over 39 specific

symptoms referred to in over 28 pages of troubleshooting tables. Although this

represents only a small portion of the entire published helicopter diagnostic

information, it provides enough data for a realistic assessment of CADS. The

secondary research questions listed in Chapter 1. pertaining to squadron applications.

are also discussed.

Chapter III contains a description of knowledge-based expert systems, and the

N1.I knowledge-based system development tool. A comparison of knowledge-based

systems and conventional programs is made. The criteria necessary for expert systems

to be useful and to perform at a significant level of expertise (as suggested by Barr and

Fetenhaurn) is provided. Ihe description of M.I includes its capacity of rules and

facts, how the inferencing process works, and how M. 1 handles uncertainty.

(hapter IV discusses in detail the deveiopment of the prototype CADS, and how

it vvorks. The strategy used to develop CADS is a combination of three methodologies,

resu't ng in six devclopment steps. Because of the important role that knowledge

aq aitito, has throughout expert systems development, the knowledge acquisition

c'.c!e wa, integrated with the six steps. ]his relationship is discussed in detail.
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Logically. the CADS knowledee base is divided into modules. Each module

consists of the knowledge base for a heicopter subs,.stem. such as the AC electrical

subsystem. The advantages of modulariing t:ee knowledge base are discussed. Criteria

for a two phase test plan were developed,. Alter testing thc prototype CADS, revision

o§" the knowledge base modules was accompiished.

* ,, esarA of acronyms used throughout this research is contained in Appendix

A. Appendix B contains a sample C.AI)S consultation using an example electrical
system problem. The CADS knowledge base (source code) is in Appendix C.

Based on this discussion, it has been shown that expert systems are well suited

for diagnostic applications. The technology, hardware and software exist and are

availab'e for use in such an expert system.
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APPENDIX A

GLOSSARY OF ACRONYMS

AC Alternating Current.

Al Artificial Inteligence.

AP[ Auxiliary Power 1.nit.

CADS Computer-Aided Diagnostic System.

CD-ROM Compact Disc Read Only Memory.

CF Certainty Factor. the degree of confidence one has in a fac: or
relationship. In M.I. ( I . w qL'ncd ;1 vaIue between - I00 and
-100.

CH-46D l)esignatior of S.R.,l Sca K....t hc:icop:er.

CNO Chief of Naval Operaw:'i.

DC Direct Current.

IFY Fiscal Year.

GEN FAIL (6enerator failure.

HC Designation for I le!icopter Cor>.az Support Squadron.

H-46 Desienation for the Sea Kniizh. helicopter used in the nrted
States Navv and Narinc Corps bor utaitv missions. ,

JCN Job Control Number.

KA Knowledge Acquisition.

kh Knowledge base entry.

NIAF Maintenance Action Form, for documentation of aircraft
discrepancies.

MDR Maintenance Data Report.

NIDS Maintenance Data System.

MINIM Maintenance Information Manual.

MI IS Management Information System.

M.MH/FH Maintenance Man-hours per [light flour.

NAESU Naval Aeronautical Engineering Service Unit.

NAMP Naval Aviation Maintenance Program.

NAVAIRSYSCOM Naval Air Systems Command.

PNIA-261 NAVAIRSY*SCOM Program Manger for 11-46 squadrons.

RAM Random-access memory: computer's high speed (main) memory.
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S,R,&M Surviveabilitv, Reliability. and Maintainability Program, that
extends the service life of the H-46 helicopter through the year
2000.

TD Technical Directive.

VIDS/NIAF Visual Information Display System,'Maintenance Action Form.
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APPENDIX B
INTRODUCTORY USER'S GUIDE TO CADS

i. INTRODUCTION
CADS is a prototype microcomputer-based expert system designed to help

squadron and detachment maintenance people troubleshoot SR,&M CI1-46D
helicpzer s xstem problems. he goal of' the CADS prototype is to find the exact
.aue of eiectrical and hydraulic system discrepancies ('gripes). CADS contains

linPtod corrective action procedures.
The purpose of this Introductory User's Guide is to Let a troubleshooter started

and sone.vhat familiar with use of the CADS prototype. It is not meant to be a
cwmprehensive instruction manual explaining all the various capabilities and
pcculia:itics of the CADS softwa are.

The lollowing assumptions apply to using the CADS prototype:
a. U sers are f :niliar with the use of a ncrocomputer.

,b. ,sers have access to a Zenith 24S or IBM PC compatible microcomputer, with
two disk drives or a hard drive.

c. Users have a copy cf the CADS prototype program, either on the two 5.25 inch
floppy diskettes, or on the hard drive of the nicrocomputer.

2. WHAT TO EXPECT

CAI)S helps troubleshooters find the cause of a helicopter discrepancy by
displaying isolation procedures for the troubleshooters to perf,)rm. then asking

questions about the outcomes of the performed procedures. CAI)S lists all the
nossible answers to questions it asks. You as the troubleshooter ,elect the appropriate
answer based on the outcomes of the isolation procedures you have performed.

CADS is a computerized version of the maintenance manuals troubleshooting

tables. The intention is to demonstrate that maintenance inf-ormation can be :nade
Lccessible on disks and microcomputers, so you do not have to deai wIth the
-r.aintenance manuals.

The best way to approach CADS is to imagine that you are consulting the

troubleshooting tables. The difference is the added feature that C.\)S will ask you the
right questions about the isolation procedures you have performed, at the riil:t time,
and for the rieht reason. You will not have to waste time searching the manuails for
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procedures that are not there anyway. CADS will guide you to troubleshoot

discrepancies correctly, completely, and efficiently.

3. WHAT YOU NEED TO USE CADS

To use CADS you will need the following:

a. A Zenith 248, or IBM PC compatible microcomputer with 512K bytes of
memory running PC-DOS 2.0 or later.

b. The two CADS prototype diskettes.

c. Two disk drives or a hard drive.
d. A color monitor is recommended, but a monochrome monitor is sufficient.

4. GETTING STARTED WITH CADS.

The initial setup procedures are as follows:

a. Turn on the microcomputer and the monitor, and "boot up" with PC-DOS 2.0
or later.

b. Insert CADS diskette ;1 into drive A:.

c. Insert CADS diskette ,2 into drive B:.

or

d. If the micrccomputer you are using has a hard drive (the Zenith 248 does) copy
both diskettes onto drive C: . To do this, at the A> prompt type:

A> copy a:*.* c:

Remove CADS diskette 4f1 from drive A:, and insert CADS diskette i2. Use
this copy command again for CADS diskette =2. This puts all the CADS files
onto the hard drive (drive C:).

e. At the A > or C> prompt type:

A> cads (if vou are using two disk drives)
or

C> cads (if you are using a hard dri',e)

- bin upper or lower case letters.

A full screen banner is displa',ed momentarily, then a full screen of text
welconing you to CADS is di.,pia\ed.

5. CADS USER INTERFACE
it. \Windo s

Refier to F:igure B.I. The screen is divided into three ;ws.diW . Ihese

permanent areas of the screen are:
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1. TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE window.

This window will display the isolation procedures that you need to perform

for the "gripe" you are troubleshooting. After a CADS consultation the cause of the
"gripe" will be displayed in this window. A few corrective action procedures are also

displayed.

2. QUESTION window

CADS asks you questions during a consultation. The questions will

automatically appear in this window as the consultation proceeds.

3. SELECT AN ANSWER window

Answer the questions CADS asks you by highlighting the appropriate

answer displayed in this window, and pressinig "[nter". Use the arrow (cursor) keys to

move the highlighting up or down through the list of answers. The values displayed

are the answers acceptable to CADS.

The term unknown is always included as a possible answer. However, in

this CADS prototype do not select unknow¥n when asked for the major system and the

subsystem in which the gripe is located.

At the bottom of the window is the term "Space to Mark". This is just a

reminder for you to mark the response you have selected by highlighting.

4. CF window

This is the certainty factor window. It allows you to enter numbers from

-100 to + 100 representing the confidence you have in your selected response. You can

enter numbers by using the right arrow key, which moves the high!ighter to the Cf

window. When you have typed in a CF number, press "Enter".

b. Message Line

'The message line appears at the bottom of the screen. It displays the function

keys and the CADS status indicator.

1. F2 Scroll

You can press the F2 key and the arrow (cursor) keys to scroll backwards

and forwards (up and down) through th 'I'ROUBLESHOOTING PROCEDURES &

POSSIBLE CAUSE and QUESTION windows. The following keys are used for

scrolling:

F2 enable scrolling/move to next window

. scroll forward (doin)

T scroll backward (up)
Ese disable scrolling and return to the SELECT AN ANSWER window
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2. FIO Help

Refer to Figure B.2. The following help commands are available anytime

by pressing the F10 key (an "on. off' key). and highlighting a help command (described

below) and by pressing "Enter", or by pressing the noted keys.

(1) ,Piionsfor response. Sometimes you will not be able to read the entire

list of all acceptable answers because the SELECT AN ANSWER window is too small.

such as when a gripe has a long symptom description. Or. you may want to know

what the acceptable responses are to a question. lighlight "options for response", and

press "Enter". The "pop up" CADS help menu disappears and the message "Your

response must be chosen from the following:" will appear in the

TROLBLESHOOTING PROCEDURES & POSSIBLE CAUSE window, with a full

list of acceptable answers. When you have found the appropriate response, scrol up

or down through the SELECT AN ANSWER window to highlight the appropriate

response. then press the "Enter" key.

(2) abort consultation/ALT - A. If you want to quit during a CADS

consultation, highlight "abort consultation", and press "Enter". A "pop up" box

appears asking you whether you want to abort the consultation. If"yes", press the "v"

key. This will end the consultation, and clear the windows. To restart the consultation

press "Alt" and "G" simultaneously.

(3) Restart CADS. If you want to exit from CADS and return to the

operating system, or return to the main menu, highlight "Restart CADS". A "pop up"

box appears asking "Restart CADS (main menu),Exit to DOS? (y n)". If "yes" press

the "x" key. This will end the consultation, clear the screen, and return you to the

DOS A> or C> prompt. To return to the main menu type cads at the A> or C >

prompt.

(4) go run consultation ALT - G. If you have aborted or ended a

consultation and you want to start another consultation with the same major system

and subsystem, highlight "go run consultation", or press the "Alt" and "G keys

simultaneously.

(5) restart consultation. This allows you to continue with a consultation

where you left off. It keeps the answers you have already given in the CADS memory.

(6) vhv is CADS asking ALT - IV. If you want to know why CADS is

asking you a particular question, highlight "why is CADS asking". CADS will then

dispay the rules in the knowledge base that it is considering, as it tries to determine if
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they are applicable to the consultation. You can do the same during a consuitation by

pressing the "Alt" and "W'" keys.

(7) ESC to Cancel. If you want to escape out of the CADS help menu or

any of' the help conanands, press the "ESC" key. 'This will cancel the help command.
cause the CADS help menu to disappear, and return you to the screen display of the

consultation where x ou left off.

.3. Status indicator

The status indicator on the right side of the message line indicates the

status of CADS. This will be one of' three modes: READY, LOADING, or

CONSULTATION.

6. SAMPLE CADS CONSULTATION

This consultation demonstrates finding the cause of the gripe:

No. I generator failure light illuminated in flight
Figures B.3 to B.9 show what the microcomputer screen will look like as the

consultation proceeds. Good luck, and remember: DO NOT BE AFRAID OF

ANYTHING THAT YOU CAN PULL TIlE PLUG ON!

%
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CADS help menu

TROUBLESHOOTING PROCEDURES &POSSIBLE CAUSE

* H

WELCOME TO CADS!!!
H-46 HELICOPTER

COMPUTER AIDED DIAGNOSTIC SYTEM!!!_
H H H
0 0 0

QUESTION -SELECT AN ANSWER CF
yes

Would you like a few directions no

on how to use CADS? unknown

ISpace to Mark
F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.1 Initial CADS Screen.

After typing cads at the A > or C > prompt, a banner screen displays momentarily,

then this initial text screen appears. Y ou can obtain a few brief directions b%-

highlighing "y-es" and pressing "Enter'. Or, begin the CADS consultation without

directions by hi.-hli-hting "no" and prest, m, "Entcr".
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CADS help menu

options for response POSSIBLE CAUSE
abort consultation ..... ALT - A

Restart CADS
go run consultation .... ALT- G

restart consultaiton
why is CADS asking ..... ALT - W

ESC to Cancel

QUESTION SELECT AN ANSWER CF

Space to Mark
F2 Scroll F10 Help H-46 CADS by GADZ CONSULTATION...

Figure B.2 CADS Help Menu.

The CADS help menu is available anytime you press the FI0 key. You may then

highlight a he,-) command and press "Enter'. Refer to the F10 Help section for an

e,,.janation of these conunands. Nctice the status indicator in the message line at *he

btto:a of the CADS screen has chanced from READY to CONSULTATION . . . It

will automatically change back to READY when you have selected a help command or

pressed the "ESC" key. If you want to escape out of the CADS help menu press the

"ESC" key.
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CADS help menu

TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

This system is designed to be a prototype microcomputer - based expert

system to aid squadron maintenance personnel diagnose aircraft system problems.

1. You will be asked a series of questions about the 'gripe' you are troubleshooting.

2. Answer the questions by highlighting your response. Responses are found in the
"SELECT AN ANSWER' window in the lower right hand corner of the screen. Use the up

and down arrow keys to highlight your response, then press the 'Enter" key.

3. To see the list of possible answers to a question, or to see :ne entire answer, press 'F10'

then select "options for response'.

4. If you get stuck, press the "F10* key to get help from the CADS help menu.

QUESTION SELECT AN ANSWER CF

electrical

In what malor aircraft system is the hydraulic

problem or 'gripe' located? unknown

Space to Mark
F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.3 Second CADS Screen Giving Directions.

The second screen provides brief directions, and asks the first question about the gripe.

As a troubleshooter, you know that a No. I generator failure light illuminating in flight

is associated with the H-46 helicopter's electrical system. Highlight 'electrical* in the

SELECT AN ANSWER window, then press "Enter".

Caution: DO NOT select unknown at this point. If you do, press the "Alt" and "G"
keys simultaneously to return to the main menu.
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CADS help menu

TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

This system is designed to be a prototype microcomputer - based expert

system to aid squadron maintenance personnel diagnose aircraft system problems.
1. You will be asked a series of questions about the 'gripe" you are troubleshooting.

2. Answer the questions by highlighting your response. Responses are found in the

"SELECT AN ANSWER" window in the lower right hand corner of the screen. Use the up

and down arrow keys to highlight your response, then press the 'Enter' key.
3. To see the list of possible answers to a question, or to see the entire answer, press "F10'

then select "options for response".
4. If you get stuck, press the "F10" key to get help from the CADS help menu.

QUESTION SELECT AN ANSWER CF

'AC system'

In which electrical sub-system is the 'DC system'

problem or "gripe" located? 'APU elect sys'

unknown

Space to Mark
F2 Scroll F10 Help H-46CADS by GADZ READY

Figure B.4 Third CADS Screen Asking for Electrical Sub-system.

The third screen changes little from the previous, except for the question asking in

which electrical sub-system the gripe is located. Knowing that the generators are part

of zhe AC system. highlight 'AC system' and press "Enter". Wait momentarily while

CADS loads the AC system knowledge base. You will notice that the status lamn in

the lower right corner has changed to CONSULTATION ... When the AC system

knowledge base is loaded, it will change back to READY, then you can continue.

Caution: DO NOT select unknown at this point. If you do, press the "Alt" and "G"

keys simultaneously to return to the main menu.
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CADS help menu

TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

system to aid squadron maintenance personnel diagnose aircraft system problems.
1. You will be asked a series of questions about the "gripe" you are troubleshooting.

2. Answer the questions by highlighting your response. Responses are found in the
"SELECT AN ANSWER" window in the lower right hand corner of the screen. Use the up

and down arrow keys to highlight your response, then press the "Enter" key.

3. To see the list of possible answers to a question, or to see the entire answer, press "F10"

J then select "options for response'.
4. If you get stuck, press the "F10" key to get help from the CADS help menu.

begin CADS consultation = yes (100%) because kb-18.

QUESTION SELECT AN ANSWER CF
'GEN, FAIL LT ON - both Gens
"One ESS BUS LT ON - efiher

What is the symptom in the AC system? 'One or both ESS BUS LT ON -
I'One DC BUS LT ON - either
'Opposite 0C BUS LT ON - one
unknown

Space to Mark

F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.5 Fourth CADS Screen Asking for the AC System Symptom.

The AC system knowledge base is now loaded. You are asked for the AC system

symptom. These symptoms are the same as the symptoms listed in the maintenance

manuals' troubleshocting tables. The SELECT AN ANSWER window is too small to

display the entire symptom. That is no problem. Press the F10 key for the CADS help
.A menu. Highlight "options for response", and press "Enter". The full list of acceptable

responses will appear in the TROUBLESHOOTING PROCEDURES & POSSIBLE

CAUSE window. When you have selected your response, highlight the appropriate

response in the SELECT AN ANSWER window. In this case highlight 'GEN FAIL

LT ON - both Gens ON - rotors at flight rpm', and press "Enter".
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CADS help menu

TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

The first troubleshooting check of this symptom is to check the
PMG and Exciter Windingsiring:

No Power on the helicopter. Non-turn-up.
1. Read PMG from the supervisory panel (241 PS or 241 P6)

(A to B, B to C, C to A) should = 0.5 ohms.
2. Read A and B and Cto ground. This should = infinity.

Read E to H should = 2.1 ohms.
Read EorHtoF = 2.8 ohms.

QUESTION SELECT AN ANSWER CF

yes

Are all of the resistances to the first no

troubleshooting check correct? unknown

Space to Mark
F2 Scroll F1O Help H-46 CADS by GADZ READY

Figure B.6 Fifth CADS Screen Displaying First Isolation Procedure.

The first isolation procedure for this gripe is displayed, along with a question asking

about the outccme of this procedure. You now need to perform the procedure to

answer the questicn. Let us sav; that you performed the isolation procedure and found
that a'l the resistances are correct. Highhght "yes", and press "Enter".

65

i%%



CADS help menu

TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

If you are sure that all the resistances are correct with NO

POWER on the helicopter, the second troubleshooting check is of

the generator Control Switches and Wiring:

No Power on the helicopter. Non-turn-up.

Read terminals R and S (241 P3 or 241 P4) for resistance with the

Power Control Master Switch in the # I and #2 GEN position, and

select Generator Switch to GEN.

QUESTION SELECT AN ANSWER CF

Is there resistance between terminals no

R and S in the second troubleshooting unknown

check?

Space to Mark
F2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.7 Sixth CADS Screen Displaying Second Isolation Procedure.

You must now check for resistance between terrninals R and S. Let us say that there is

resistance. Hi;hlight "yes", and press "Enter".
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CADS help menu

TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

If you are sure that all the resistances of the first two
troubleshooting checks are correct with NO POWER on the helicopter,
the next troubleshooting check is:

With rotors at flight rpm and generators OFF-
cross connect the opposite Supervisory Panel into
the malfunctioning system.
Turn ON discrepant AC system.

-QUESTION SELECT AN ANSWER CF
yes

Does the generator come on line and the no

GEN FAIL light go out? unknown

LSpace to Mark____________
F2 Scroll F10 Help H-46 CADS by GADZ READY

Fieure B8 Seventh CADS Screen Displaying Thi rd Isolation Procedure.

Since vour Firs, t,.o troubleshootnge checks resulted in correct resistances, vou must

perform t*his third i1solation procedure. Let us say that -you performed it. and found

ti-a:, the- cenerator did come ba1cK on i1ne and the GFN FAIL '1icht on theccki

caution panei xent cut 1 vou are a 're--, szood roublsotr .Iihj~ v~ n

press "'Enter".
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CADS help menu

TROUBLESHOOTING PROCEDURES & POSSIBLE CAUSE

If you are sure that all the resistances of the first two

troubleshooting checks are correct with NO POWER on the helicopter

the next troubleshooting check is:

With rotors at flight rpm and generators OFF --

cross connect the opposite Supervisory Panel into

the malfunctioning system.

Turn ON discrepant AC system.

elect-prob-cause = Supervisory Panel malfunction (100%) because rule-3.

QUESTION SELECT AN ANSWER CF

- Space to Mark
F 2 Scroll F10 Help H-46 CADS by GADZ READY

Figure B.9 Eighth CADS Screen - Electrical Problem Cause Found.

Notice that CADS displays a message "elect-prob-cause = Supervisory Panel

malfunction (1000%o) because of rule-3". The consultation has ended, and this message

., is CADS's way of telling you that the cause of the gripe has been found. The message

also informs you that CADS is 100% certain of the cause, and this information is

contained in ruie-3 of the knowledge base.

2.
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APPENDIX C

CADS KNOWLEDGE BASE MODULES

/* ----------------- START PROGRA -----------------------*

goal = 'begin CADS consultation'
auzomaticmenu(ALL).
enuneratedanswers(ALL).
initialdata = [helo-display,directions,major-system].

if display([nl,

/ ) H
/ ) 7-- -)

/ ) __ )I >_/ )

WELCOME TO CADS!!!
H-46 HELICOPTER

COMPUTER AIEED DIAGNOSTIC SYSTEM!!! /
I I I
00 0

,nl])
then helo-display.
question(directions) =
-4ould you like a few directions
on how to use CADS?'].
legalvals(directions) = ['yes','no'].
whenfound(directions = 'yes' ) =display(-nl,
This system s designed to be a prototype microcomputer-based expert
system to aid squadron maintenance personnel diagnose aircraft system
problems.
1. You will be asked a series of questions about the "gripe" you are

troubleshooting.
2. Answer the questions by highlighting your response. Responses

are found in the "SELECT AN ASWER' window in the lower
right hand corner of the screen. Use the up and down arrow
keys to highlight your response, then press the "Enter" key.

3. To see the list of possibie answers to a question, or to see
the entire answer, press 'FI0" then select "options for response".

4. If you get stuck, press the key marked "Fl0" to get help from
tha help menu.',nl-).

whenfound(directions = no')
display([nl,'

After answering the $uestions shown below
wait momentarily while CADS loads the Knowledge Base of the
major system that you want to troubleshoot.',nl,nl]).

/* ------------------ MAJOR SYSTEM --------------------------*

question(major-system) = ['
In what major aircraft system is the
problem or "gripe" located?',nl].

legalvals(major-system) = -'electrical','hydraulic'-.
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/* ----------- SUE-SYSTEM QUESTIONS ----------- *-

whenfound(major-svstem = 'electrical') = electrical-sub-system.

cuestion(electrica.-sub-system) = nl,l
in which electrical sub-system is
the problem or "gripe" located?',nl].

legalvals(electrical-sub-system) = ['AC system','DC system',
!APU elect sys'].

whenfound(major-system = 'hydraulic') = hydraulic-sub-system.

questionh 2 draulic-sub-system) = [rl,l
in which hydraulic sub-system is
the problem or "gripe" located?',nl].

leqalvals(hydraulic-sub-systein)=
L flight control hydraulic system',

flight control pressure indicating system',
'Utility Power System',
'utility pressure indicating system'-.

/*-------------- LOADING ELECTRICAL FILES ---------------------*

if malor-system = 'electrical'
ano electrical-sub-system = 'AC system'
and do( load ac-elect

then 'begin CADS consultation'.
if major-system = 'electrical'

and electrical-sub-system = 'DC system'
and do( load dc-elect )

then 'begin CADS consultation'.
if m ajor-system = 'electrical'

and electrical-sub-system = 'APU elect sys'
and do( load apu-elec )

then 'begin CADS consultation'.

/* ------------- LOADING HYDRAULIC AND UTILITY FILES ----------*

if major-system = 'hydraulic'
and hydraulic-sub-system = 'flight control hydraulic system'
or hydraulic-sub-system =
'fliqht control oressure indicating system'
and do( load hydr )

then 'begin CADS consultation' .

* if major-system = 'hydraulic'
and hydraulic-sub-system = 'Utility Power System'
or hydraulic-sub-system = 'utility pressure indicating system'
and do( load utility )

then 'begin CADS consultation'

/ : ** * *** * END OF INITIALIZATION MODULE *************/
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MAJOR-SYSTEM: ELECTRICAL *

---- ELECTRICAL SUB-SYSTEM: AC SYSTEM SYMPTOMS ---------*

goal = elect-prob-cause.
automaticmenu(ALL).
enumeratedanswers(ALL).
presupposition(ac-sys-symptom) =

majcr-system = 'electrical'
and electrical-sub-system = 'AC system'.

question(ac-svs-symptom) = [nl,nl,'
What is the symptom in the AC system?',nl].

legalvals(ac-srs-symptom) G a i
'GEN FAIL Li ON - both Gens ON - rotors at flight rpm,
'One ESS BUS LT ON - either or both Gens ON - rotors at fliht rpm',
'One or both ESS BUS LT ON - assoc. with one Gen ON - fligh rpm',
'One DC BUS LT ON - either or both Gens ON - rotors flight rpm',
'Opposit DC BUS LT ON - one Gen ON - rotors flight RPM' .

/* -------- AC SYSTEM SYMPTOM:
GEN FAIL LT ON - BOTH GENS ON - ROTORS AT FLIGHT RPM ------

whenfound(ac-sys-symptom =
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm') =
display([nl,nl,k
The first troubleshooting check of this symptom is to check the
PMG and Exciter Windings Wiring:
No Power on the helicopter. Non-turn-up.
I. Read PMG from the supervisory panel (241P5 or 241P6)

(A to B, B to C, C to A) should = 0.5 ohms.
2. Read A ando B and C to ground. This should = infinity.

Read E to H = 2.1 ohms.
Read E or H to F = 2.8 ohms.',nl,nl,nl]).

rule-1: if ac-sys-symptom =
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm'
and 'first ts check'= no

then elect-prob-cause =
'Discrepant Generator PMG or Exciter Windings/Wiring Faulty'.
question('first ts check') = [nl,'
Are all of the resistances of the first
troubleshooting check correct?',nl].

legalvals('first ts check') = ['yes','no'].
whenfound('first ts check' = yes) =

display([nl,nl,'
If you are sure that all the resistances are correct with NO
POWER on the helicopter the second troubleshooting check is of
the generator Control Switches and Wiring:
No Power on the helicopter. Non-turn-u.
Read terminals R to S (241P3 or 241P4) for resistance with the
Power Control Master Switch in the #1 and #2 GEN position, and
select Generator Switch to GEN.',nl,nl,nl]).

rule-2: if ac-sys-symptom =
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm'
and 'first ts check'= yes
and 'second ts check' = no

then elect-prob-cause =
:Discrepant Generator Control Switches and Wiring Faulty'.
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question('second ts check') = r,'
is there resistance between ter:nri.s
R and S in the second tro':bleshoot:ra check?',nl].
legalvals('second ts check ) = s no'
whenfound('second ts check = yes

display(nl,i'>
It ;c,- are sure h t 3 1 . os:; v,:e1 z: tf e first two
trob __11oci:. P:%;ER on the helicopter
the r.xt 0L *- . ,

W.t, e :c~ s 5 _- ps

e -•

whenf o r-. .. .. .

'~ C.: - i'. .

You m'st -' 1!

Wrt :r, qenerato: s ,'a i'
ert~r- s A.B. and
to ground of r !,Pe-

161'3 161J;4 or Ct~~ ~ F iy 9~~::l f t!"e
'Or: r.a. board on...

-- - - --------------------------------------------- ,n,nl).
presU.ioosition(oen-voltage-re~ding,

ac-sys-s ymptomr =
'GEN FAIL L"! ON - both Gens ON - rotors at f light rpm'

question(gen-voltage-readnq
Whoat are the geneator otaes reading',nl].

leaa.vals(ge,-voltage-reading) = [L'voltages correct',
'voltages missing or low' ,'one or tw,,o v'oltages =0')

whenfou-nd(qen-v.oltage-readi-ng = 'voltages correct')
disp.ay(, r.lnl,
If you are sure that the generator voltages are correct,
he generator malfunctions because the pasing connections are
incorrect or because of a faulty contactor control.
You must now check the phasing, contactor control, and switch
control.

-6 1- --- 6- - 4- o-- ---- "--- -- "- - ------ , ------e ---- ---".-e- -'-

Using a phase detector, check for proper phase rotation at
:-elated test receptacle 161J3 161J4. ',nlnlnl] ).

rule-4: if ac-sys-symptom
'GEN FAIL LT Oi - both Gens ON - rotors at flight rpm'
and not( e generator comes on line')
and qen-voltage-reading = 'voltages correct'

then phase rotation' is sought.
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whenfound(gen-voltage-reading = 'voltages missing or low') =
display(nl,nl, "
If you are sure that the generator voltages are missina or low,
the'generator malfunctions possibly because the exciter
windings are defective, PMG output is incorrect, or because of
a feeder fault.
You must now troubleshoot the generators PMG output, exciter windings,
and feeder wires:
With qenerators OFF, connect the generator test
cable-- see fig.! - between the supervisory panel receptacle and
connectcr plug 241P5 241P6 on the malfunctioninyy sysem.
At the test terminal board, check for approximately 8 vac
between ground and terxiinal E and termha. H.' ,nl]).

rule-5: if ac-sys-symptom =
'GEN FA:L LT ON - both Gens ON - rotors at flight rpm'
and not('generator comes on line')
and gen-voltage-reading = 'voltages missing or low'

then 'N.G output' is sought.

whenfound(aen-voltage-reading = 'one or two voltages = 0') =
display(-nl,nl,.
If you are sure that the generator one or two voltages = 0,
the generator malfunctions possibly because of a feeder fault.
You must now troubleshoot the generators feeder wires:
Perform the following with the helicopter shut down and all
power removed:
1 Disconnect cables from T4, T5, and T6.
2 Check for infinite resistance to ground at terminals T1, T2,

and T3.
3 If resistance at any terminal is measurable, disconnect

wire from terminal to determine whether ground fault
is in generator or on feeder wire.

4 Check for infinite resistance between terminals T1, T2, and T3.
5 If any resistance between any combination of terminals is

measurable, disconnect wires from those terminals to
determine whether ground fault is in the generator or on
feeder wires.

6 Check for zero resistance to ground on wires
that were removed from terminals T4, T5, and T6.',nl]).

rule-6: if ac-sys-symptom =
'GEN FAIL LT ON - both Gens ON - rotors at flight rpm'
and not(-generator comes on line')
and gen-voltaae-reading = 'one or two voltages = 0'

then 'reeder fault' is sought.

/* -------------- AC: PHASING CONNECTIONS ------------------*

question('phase rotation') = [nl,nl,l
is the phase rotation correct?',nl].

legalvals('phase rotation') = ['yes','no'].
whenfound('phase rotation' = 'yes') =

display([nl,nl,
If phasing is correct, verify ground phase reference wires are
connected correctly to generator terminals T4, T5, and T6
routed through their correct cores in current transformer 241T3
241T4.
You must also check the contactor.
When proper voltage is 115 - 120 vac and
oroper pnase is present at terminals A!, Bi, and C1 respectively
but not A2, B2, and C2 of related contactor
242K1 242K2 check for 28 vdc between pins A and B of contactor
co:n, ectoc plug 242?1 242P2.

--- -- -- --- -- -- --- -- -- --- -- ----- - - --- - - - - - - -
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whenfound( 'phase rotation' ' no')
display( n2,nl~l
If phasing is incorrect, locate crossed connections - generator
terminals T-1, T2, T3, or contactor terminals 242KI 242K2 A:,
B!, and C1.

* You must also check the contactor.
When proper voltage is 115 - 120 vac and
prcper phase is present at terminals Al, 31, and C1 rtspectively
but not A 2, B2, and C2 of related contactor

2411242K(2 check for 23 vdc between pirn& A and B of contactor
connector plug 242PI 242P2.
--------------------------------------------------------------------------- nil).

/*---------------- AC: CONTACTOR CONTROL ------------------

question( 'ccntactor voltage') = ,nl,nl,l
Is there 28 vdc between pins A and B.I',nl].

legalvals ('contactor voltage' ) = [yes' ,'no'l

ru'e-7: if gen-voltage-reading = 'voltages correct'
and 'phase rotation'
and 'contaczor voltage'
and disulav( rnl,nl,'
if the 8 8c'd is correct, replace the contactor. I,nll)

then elect-prob-cause = 'gen malfunction - faulty contactor'.
rule-3: if gen-voltage-reading = 'voltages correct'

and 'phase rotation'
and not(contactor voltage')
and display([nl,nl,l
If you are sure that the voltage is not 28 vdc, verify pin B to
ground and pin A of the supervisory panel connector plug 241P3

Correcz discrepant wirin g.' ,nl)
then elect-prob-cause = 'gen maLuction - contactor wiring faulty'.
rule-9: if aen-voltage-reading ='voltages correct'

and not (,ihase rotation')
and 'conta-ctor voltage'
and display([nl,nl,'
if the 8 vdc is correct, replace the contactor.
The phasing is incorrect also. Locate the crossed

then elect-prcb-cause =
'generator xalfunction - phasing incorrect and faulty contactor'.

rule-IC: if ( en-voltaqe-reading = 'voltages correct'
and not( 'pnase rotation ')and not~lcontactor voltage')

* and d,_splay([nl,nl,'
l: 7ou are sure that the voltage is not 28 vdc, verify pin B to
orou nd and pin A of the supervisory panel connector plug 241P3
Z41?4.
Correct discrepant wiring..
Tn,.!phasing is incorrect as. Locate the crossed connections.,',nl,nl])

then el~et-prob-cause =
gen;erator malfunction - phasing incorrect and faulty contactor'.

------------------------------- AC: PMG OUTPUT ------------------*

question('PMG output') = [nl,nl,'
What i's the value of the pm voltage
between grou;nd and terminal E and
terminal H.?
Enter a number between 0 and 38.',nl].
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legalvals('PMG output') = number(0,38).
whenfound('PMG output' = 38)

You just entered 38 which is normal voltage - 38 vac.
Now you need to troubleshoot and check the exciter winding:
Using the generator test cable as in the PMG output check,
check for approximately 2.3 vdc between ground and terminal F
of zest terminal board.',nl,nl]).

rule-11: if gen-voltage-reading = 'voltages missing or low'
and 'PNG cutput' = X
and X < 33 l
and dispLay([nl,nl,'

You just entered a voltage below 38 vac if you are sure that
the voltage is low, disconnect test cable receptacle at helicopter
cable plug and repeat measurement. If voltage does not rise to
apprcximately 38 vac, the pm section of the generator is
aerec:ve. nl,nl])

then elect-prob-cause = 'PMG output incorrect'.

rule-12: if gen-voltage-reading = 'voltages missing or low'
and 'PI4- output' = X
and X = 38
and 'exciter dc voltage' Y
and Y < 2.3
and di.splay([nl,nl,,
You just entered a voltage below 2.3 vdc. Since the dc voltage
is low, operate the switch on test cable to OFF position and
repeat measurement.
If the voltage remains low, the regulator in the supervisory
panel is defective.',nl,nl])

then elect-prob-cause
'Regulator module in Supervisory Panel Defective'.

/* ------------------ AC: EXCITER WINDING ------------------*

question('exciter dc voltage') = [nl,nl,'
What is the value of the voltage between
ground and terminal F of test erinal
board?
Enter a number between 0 and 38.',nl].

legalvals('exciter dc voltage') = number(0,38).

rule-i3: if gen-voltage-reading = 'voltages missing or low'
and PMG output' = X
and X = 33
and 'exciter dc voltage' = Y
and Y 2.3
and disp ay([nl,nl,'
Y7cu just entered a voltage above 2.3 vdc.

Since the dc voltage is in excess of 2.3 vdc, the
exciter winding in the generator is defective.',nl,nlj)

.en elect-prc -cause = 'Exciter Winding Defective'.
,:henfcuni('exciter dc voltage' = 2.3) =

j. -st entered voltage = 2.3 vdc.
.. e exciter winding is probably OK. You now need to check forleecer taui:s. ,nl,nl]) .
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rule-14: if gen-voltaqe-reading = 'voltages missing or low'
and 'PMG output' = X
and X = 38
and 'exciter dc voltage' = Y
and Y = 2.3
and display([n ,E
Are we supposed to troubleshoot for FEEDER FAULTS now?',nl,nl])

then elect-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET .

/- ------------ AC: FEEDER FAULT -----------------*

question('feeder fault') = [nl,nl, '

is there any measurable resistance
between any com-bination of terminals?',nl,nl].

legalvals('feeder fault') = ['yes','nol].

if gen-voltage-reading = 'one or two voltages = 0'
and 'PMG output X
and X = 33
and 'exciter dc voltage' = Y
and Y = 2.3
and 'feeder fault'
and display([nl,nl, '
'hen you nave found whether ground fault is in the generator or
cn feeder wire, correct wire fault or replace defective
generator as appropriate.',nl,ni])

then elect-prob-cause = 'Feeder Fault'.
-------------- ---------------------------- /

rule-iS: if gen-voltage-reading = 'one or two voltages = 0'
and 'feeder fault'
and display([nl,nl,l
if you are sure that there is measureable resistance between
any combination of terminals then
1isconnect wires from those terminals to determine whether
there is ground fault in the Generator or on the feeder wires.
4w:en you have found whether ground fault is in the
generator or on feeder wire, correct wire fault or replace
defective generator as appropriate.',nl,nl])

then elect-prob-cause = 'Feeder Fault or Generator malfunctioning'
rule-16: if gen-voltage-reading = 'one or two voltages = 0'

and not('feeder fault')
and display([ni,nl,'
If there is no measurable resistance - infinite resistance -
then the problem is be ond the scope of this program. Sorry.
Do not lass go. Do no collect $30.', nl,nl r

then elec?-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

/-- - AC SYMPTOM:
ONE ESSENTIAL BUS LT ON - EITHER OR BOTH GENS ON - ROTORS AT

FLIGHT RPM --
whenfound(ac-svs-symptom =

'Cne ESS BUS LT ON - either or both Gens ON - rotors at flight rpm,)
display([nl nl,'
This is an indication problem. To troubleshoot:
Check for 115-120 vac at terminals A2, B2, and C2 to ground,
of ac main line contactor 242K1 242K2.',nl,nl]).
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rule-17: if ac-sys-svmptom-
'One ESS BUS LI ONt - either or both Gens ON - rotors at flight rp r'
and 'mainlinecont voltage correct'
and 1'wiring continuity
and display([nl,nl,l
If you are sure that the voltace is correct, and the wiring
continuity readings are 5ood, ;hen
rep lace tie defective BUS FAIL - phase sensing - RELAY 242k3
242N4.',nl])

then elect-prob-cause = 'Essential Bus Fail Relay'.
question(:mainlinecont voltage correct') = [nl,nl,1

is the voltage correct?' ,nl].
legalvals('mainlinecont voltage correct') = [yes', 'no'].
whenfound(''mainlinecont voltage correct' = 'yes')

displav([nl{
Check lor wirin- continuity between the ac main line contactor
242K' 242K2 A4, B2, and 02 to Li, L2, and L3 of
BUS FAIL -phase sensing - RELAY 242K3 242K4.']).

question( 'wiring continuity') = rnl,nl,l
Is the wiring continuity good?-' ,nll.

!egalvals('wiring continuity') = ['yes', 'no'].

rule-18: if ac-sys-symptom =1One ESS BUS LT O - either or both Gens ON - rotors at flight rpm'
and not( 'mainlinecont voltage correct')
and display(1nl.nl,'
Check for 15-120 vac at terminals Al, B!, and C1 to ground of
AC :ATH LIHE contactor 242K1 242K2. if those voltage reacings
a:e correct, replace AC MAIN LINE CO;TACTOR.',nll)

then elect-prob-cause = 'Essential Bus Fail Relay'.

rule-19: if ac-sys-symptom =
'One ESS BUS L7 V - either or both Gens ON - rotors at flight rpm'
and 'mainlinecont voltage correct'
and not( 'wiring continuity')
-nd zisplay([n1,nl,'
:f you are sure that the wiring continuity is incorrect repair
the wiring.-,n~l)

th.en elect-prob-cause =
'F3ulty Wiring between AC Iain Line Contactor and BUS FAIL RELAY
term-rnalsI .

--------------. AC SYMPTOM:
L-'; CR BOTH ESSENTIAL BUS LT ON - ASSOCIATED WITH ONE GEN ON -

ROTORS AT FLIGHT RPM ----- *

•,;henfound(ac-sys-symptom =
-le or both ES5 BUS LT ON - assoc. with one Gen ON - flight rpm') =

i-K 115-120 vac at terminals Al, Bi, and C1 to ground,
of &c li;a'ri Ine contactor 242K1 242K2.',nl,nl]).

if ac-svs-simptom-
-ne or botih ESS BUS LT ON - assoc. with one Gen ON - flight rpm'

and 'ac main line contactor voltage correct'
an not(IA2,B2,C2 voltage')

then elect-prob-cause = 'AC MAIN LINE Contactor'
rule-21, if ac-sys-symptom

One or both ESS BUS LT ON - assoc. with one Gen ON - flight rpm'
and 'ac main line contactor voltage correct'
and 'A2,B2,Z2 voltagr
and dipla'( lni,
The knowle ce engineer is prett sure that with both sets of
vcltage readings correct the ESK BUS indicator is probably
zaulty. ',nl)

then elect-prob-cause 'Faulty ESS BUS indicator light' cf 80.
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uestion('ac main line contactor voltage correct') = nl,nl,'
s the voltage 115-120 vac from terminals

Al, BI, C1 to ground?',nl].
legalvals('ac main line contactor voltage correct') = ['yes','no'].
whenfound('ac main line contactor voltage correct' = 'yes') =

display([nl,nl,1
if you are sure that the voltage is 115-120 vac from terminals Al,
B!, and C1 to ground you have an indicator problem.
Next, check for 115-120 vac from terminals A2, B2, and C2 to ground, of
AC N[AINf L-1E CONTACTOR 242Kl.',nl,nlj).

question('A2,B2,C2 voltage') = [nl,nl,'s the voltage _15-120 vac from terminals
A2, B2, C2 to ground?',nl.
iegalvals('A2,B2,C2 voltage') = ['yes','no'].

whenfound('ac main line contactor voltage correct' = 'no') =
display([nl,nl,l
If you are sure that the voltage between terminals A!,Bl,and C1
and ground is NOT 115-120 vac, then you must now
Check for wiring continuity of generator wiring from
disconnected terminals Tl, T2. and T3 of #1 GEN to terminals
Al, B!, and C1 of AC MAIN LINE Contactor.',nl,nl]).

question('ac main line contactor wiring continuity') [nl,nl,'
Is the wiring continuity good?',nl].

legalvals('ac main line contactor wiring continuity') ['yes','no'].
rule-22: if ac-svs-symptom=

'One or both fSS BUSLT ON - assoc. with one Gen ON - flight rpm'
and not('ac main line contactor voltage correct')
and 'ac main line contactor wiring cofitinuity'
and display([nlnl I
Since the first voltages of the first check were incorrect, and
the wiring continuity is good, then the AC Mainline Contactor
is faulty.',nl])

then elect-prob-cause = 'Defective AC MAIN LINE CONTACTOR' cf 80.

rule-23: if ac-sys -symptom=
'One or both ESS BUS LT ON - assoc. with one Gen ON - flight rpm'
and not ('ac main line contactor voltage correct')
and not('ac main line contactor wiring continuity')

then elect-prob-cause =
'Defective AC MAIN LINE Contactor wiring continuity defective'

/* ---------- AC SYMPTOM:
ONE DC BUS LT ON - EITHER OR BOTH GENS ON - ROTORS AT FLIGHT

RPM -------------*

whenfound(ac-sys-symptom =
'One DC BUS iT OP - either or both Gens ON -rotors flight rpm') =
displaX([nlnl,'
Check for 23 vdc between X1 and X2 of
BUS FAILURE RELAY 161K3 161K4.',nl,nlj).

ru.e-24: if ac-sys-symptom
'One DC BUS LTON - either or both Gens ON - rotors flight rpm'
and 'XI,X2 dc voltage correct'

then elect-prob-cause = 'Defective BUS FAILURE RELAY'.
question('XI,X2 dc voltage correct') = [nlnl,'

Is the voltage between X1 and X2 28 vdc?'.n!].
legalvals('XI,X2 dc voltage correct') = ['yes','no'].
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whenfound('Xl,X2 dc voltage correct' = 'no')
display([nl,nl,
If you are sure that there is no voltage present,
check for 28 vdc at left or right hand junction box at the DC
circuit breakers bus bar.!,nl,n-l]).

presupposition('DC C/B bus bar voltage')
ac-sys-symptom =
'One DC BUS LT ON - either or both Gens ON - rotors flight rpm'.

question('DC C/B bus bar voltage') = [nl,nl,l
Is the voltace present at the
DC circuit breaker bus bar?;,nl].

legal'als('DC C/B bus bar voltage') = ['yes','no'].

rule-25: if 'DC C/B bus bar voltage' = 'yes'
and displa7([nl,nl,'
ifdyou are sure that there is no voltage present between X1 and X2,

that voltage IS present at the DC circuit breakers bus bar
then
use multimeter and Al-H46AE-WDM-000, WP 004 00 or
AI-H46AE-WDX-010, WP 004 CO
to fault isolate wiring and repair as necessary.',nl,nl])

then elect-prob-cause = -Defective BUS FAILURE RELAY'.

ruIe-26: if ac-sys-symptom =
'One DC BUS LT ON - either or both Gens ON - rotors flight rpm'
and not('DC C/B bus bar voltage')
and display([nl,nl,'
If you are sure that there is no voltage present between X1 and X2,
and
that voltage IS NOT present at the DC circuit breakers bus bar,
the DC BUS Light indicator is faulty.',nl])

then elect-prob-cause = 'Faulty DC BUS Light indicator' cf 80.

/* -------------- AC SYMPTOM:
OPPOSITE DC BUS LT ON - ONE GENERATOR ON - ROTORS AT FLIGHT RPM--*/

whenfound(ac-svs-symptom =
'Opposit DCBUS ON - one Gen ON - rotors flight RPM') =
display ([nl,nl,'
Check for 23 vdc between X1 and X2 at
DC CROSS-TIE RELAY 161K5.',nl,nl]).

rule-27: if ac-sys-symptom =
'Opposit DC BUS LTON - one Gen ON - rotors flight RPM'
and 'DC XTIE XI1,X2 voltage correct'

then elect-prob-cause = 'Defective DC CROSS-TIE RELAY'.
question('DC XTIE Xl,X2 voltage correct') = [ni,nl,'

Is the voltage between X1 and X2 = 28 vdc?',nl].
legalvals('DC XTIE XI,X2 voltage correct') = ['yes','no'].
whenfound('DC XTIE Xl,X2 voltace correct' = 'no') =

display([nl,'
if voltage is not p resent, check for 28 vdc between terminal B2
and ground of DC AINLINE CONTACTOR 16lKi 161K2.'].

rule-28: if ac-svs-svrmptom :
'Opposit DC BUtS L. ON - one Gen ON - rotors flight RPM'
and not('DC ZTIE Xl,X2 voitnge correct')
and '82 voltage'
and dlisplay([n.1,
If you are sure that th~e.-e is 23 vdc between terminal B2 and
ground of the DC MA:NLIE CoNITA:TcR, then
use multireter and Al-H46AE-WH-00, WP 004 00 or
Al-H46AE-WDM-C10, WP 004 CD
to fault izclate wirlnq and repair as necessary. ',nl,nl])

then elect-prob-cause = Defective DC CROSSTIE RELAY wiring' cf 60.
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question('B2 voltage') =[n!,nl,'
Is there 28 vdc between B2 and ground?',nlj.

P.- legalvals('B2 voltage') = [yes','no'].
whenfound('B2 voltage' = 'no') =display([nl,l

dIfou are sure that voltaae is not present between B2 and

round, then check for 28 vdc between terminal B3 and ground ofZ AINLINE CONTACTOR 161K1 161K2.,]).
rule-29: if ac-sys-sympt4-om =

-Cp/osit DC BUS LTON - one Gen ON - rotors flight RPM'
and not('DC XTIE Xl,X2 voltage correct')
and not(IB2 voltage')
and 'B3 voltage'
and display[nl,' '])

ther. elect-prob-cause = 'Defective DC MAINLINE CONTACTOR'.
question(IB3 voltagel) =[nl,nl,lIs there 28 vdc between B3 and ground?',nl].
legalvals('B3 voltage') = [yes','no'].

rule-30: if ac-sys-symotom =
'Oooosit DC BUS Lf dN - one Gen ON - rotors flight RPM'
and not (DC XTIE X1,X2 voltage correct')
and not ('62 voltage')
and not ('B3 voltage'
and display(inl,
If you are sure that there is 28 vdc between terminal B3 and
ground of the DC MAINLINE CONTACTOR, then
use multimeter and Al-H46AE-WDM-000, WP 004 00 or
Al-H46AE-WDM-010, WP 004 00
to fault isolate wiring and repair as necessary.',nl,nl')

then elect-prob-cause = 'Defective DC CROSSTIE RELAY wiring' cf 60.

/** * END OF AC ELECTRICAL MODULE *
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~~ MAJOR SYSTEM: ELECTRICAL
-- ELECTRICAL-SUB-SYSTEM: DC SYSTEM-------------*

goal elect-prob-cause.
automaticmenu(ALL).
enume 1at eaanswe rs(ALL) .
presupDoosit-io ( dc- svs-symptom)

ma -o r- s ysz em =' e-1e ct rlc al1
an,- electrica-sub-system = 'DC system'.

--- ELECTRICAL SUB-S7TSTEM: DC SYSTEM SYMPTOMS ---------

question(dc-sys-symptomn) = [nl,nll
What is the symptom in the DC system?' ,nl].

legalvals(dc-sys-symptom) =[
'Equipment Connected To Battery Bus Inoperative',
'No5.1 ZC BUS Caution LT ON - rotors operating'].

------------------ DC SYMPTOM: EQUIPMENT CONNECTED TO THE
BATTERY BUS INOPERAIVE ---------------*

whenfound(dc-sys-symptom=

'Equip.ernt Connected To Battery Bus Inoperative')=display( Lnl,nl,nl,nl,l

Check battery for defective cells, electrolyte leakage,
and loose connections. Check for 21.7 vdc at the baftery. ',nl,nl,nl]).

presuppcsition('battery')
dc-sys-symptom =
Ecuipnent Connected To Battery Bus Inoperative'.

1 resupposition( 'battery relays')',
dc- ss-sympt om =
'Equi;pmnent Connected To Battery Bus inoperative'.

presu'oposition('battery bus voltaae' )
dc- sys-sympt c =
Eciiprnent Connected To Battery Bu1s :noperative'.

presuppositiono ' battery volza-:e'
dc-5ys-syrnptcm, =
'Equ;ipment Connected To Battery Bus Inoperative'.

presupposition, 'battery switch')=
dc-sys-symptom-
'Equipment Connected To Battery Bus Inoperative'.

rul e-!:. if dc-sys-symptom=
-C-upgnent rConnected To Battery --sIcert~e

t hen elect-prc -cause = 'Defecti-.- Batterv'
question ('battery' ) = nl,l

_ce ' the battery have any of t;hese
prcclems? ',niJ.

1ecaialsK'battery') 'yes','n)1
whenfor-.d( 'b-attry' = r.o)

Sne '*e b)attery does riot haedfciece'Is, electrolyte
lerage, lo-ose connections. ar:, mie *:oltage IS .7 v:
C e 7 k 1the f cIc1 i n c b-a t ery- ra ys f rp-c rzer3t1r

battery; -elay;~ . ze~lr
batter;.a-y e ~a

tr~,sfcre~/ect~..c tr': reI.~ .A



rule-2: if not('battery')
sn. 'battery rela.'s
and d:splay, Enl,n-,'
-f you are soire that a battery relay, battery transfer relay
or +ran.ormer/ rezt...fer trnfer relay is defective, replace it.' ,nl,nl])

then elect-proo-cause = Defective Batteiy Relay'.

question( 'batterv relays' = snl]
Are -ny of ri- .e ztte" rel.-ys defectivet ' enl]e

legslvals('battery relays) = [yes' 'noi.
.henfond 'batter;v relays' no) =

f yo- are sure that the battery relays are operating properly,

eck for 25 vdc at the battery bus.',nl,nl,nl]).
rule-- 7if dc-svs-svr.ptom =

q ent Co'.-nected To Battery Bus Inoperative'
atr nott batter'y e v '
a! aot otey rely'
and no-,": atter'" bus .'oltace'
and Jisp~syK tnn.,
:f vo-i are sure that 25 vdo is not present at the battery bus
t a lesiot the bus and -epa-r witing as required.' ,ni,nl ,ni

-hen eca-orob-cause = Defective Battery Bus'
;'e bt. battery bus voltage' = 'n1,1

is 5 v"c or-sent at the battery fis?' ,nl].
legalvals( battery bus voltage') =  '-.es' 'no'].
whenfounci('batter' bus voltage' = yes') =di-sp 1y [n,n , r

yo-u are sure that the nattery bus voltage is 25 vdc,
rhe.1

Check for 25 vdc at the battery.',nl,nl,n!9).

rule-4: if not('battery'')
antd notk 'battery relays')
and 'battery bus voltage'
and not('battery voltage')
and display( rnl,ni,'
if you are sure that 25 vdc is not oresent at the battery,
repair or replace wirlng.',nl,nl,nl'

then elect-prob-cause = 'Defective Wiring'.
question( 'battery voltage') = [nl,'

Is 25 vdc present at the battery?' ,nl].
lezalvals('battery voltage') = [ yes','no'].
whenfound('battery voltage' = 'yes') =

display([nl,nl,'
7f you are sure that the battery voltage is 25 vdc,
thenL
Check the ground connection to the battery switch for security.',nl,nl,nl]).

rule-5: if not('battery')
and not('battery relays')
and 'battery bus voltage'
an-- 'battery voltage'
and not('batterv switch')

then elect-prcb-cause = 'Defective Battery Switch'.
ques-tion('battery switch') = [nl,'

is the ground connection to the
battery s-,itch secure?' ,nl.

legalvals('battery switch') = ['yes','no'].
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rule-6: if not( battery'
and not('battery r era'ysi)
and 'battery bus voltage,
and gatr o~ae -

ann zatterv Sv t cn
and dosly I
th"nese conditions are no: co'vered In the MI'Ms.'n~I~_'

'-- -- -- -- :)C BUS C "'r-'N O-N -j- - -

DC E_'S T 01 roorsoperatong
diZ-zlav. n.nnl.,

Chck or shor-ted N:O.1 DC BUS. i,.n

No-, Z-EE a: L7 C-'- rotors to.:e rating'

the.,- e-eoo-;rcL-ccazse = 'DC overo.urrent ouoon
q'; estiort sho.rted 1 ::-sus ) = ,~ -

:S txht .,c . : - 2 BS shorted' n11
lec4'i-31S1  shorten 1 :7K,5' 'Ies no
.:enfo-rd >0n0c::U' n

e P,:r~it::n of the_ 'l-_ RV SIX7_T',-,-. PANEL, by

Sr' 70 'oS 'r t Sp panel,=
s "S - ",t-rr t

s -st a!-, e
-, ,*? -F*T 'C--'PANEL

- ~ ~ ~ Y 3'c '

C S,:5 not shorted, and t',e SUPERFVISOP.? EA:;EL
5 ~~ ~ , rO.:.!. cLrv"

r~ e~ot~nq rocedu.res:
:ce ;e:oo~e -:t h AP:;.

.f -e .. ~ stays -.:; and No1 DC BUS

to he D-ROSS ME- IRELAY or- relatd cooais -efct:.e
Cll- dc'-mn the AU mediately *nl1}

r C if 'sun) zanel'
A ~:-ro-~us =Defectove CFOSS ME RELAYI

,,,,,,,,,,,,,,,,r w~ END CFF DC ELECTR>D-AL MODU;LE r* *t**I



- .. I.... -p. -

/********~* **** MAJOR SYSTEM: ELECTRICAL *****************
ELECTRICAL SUB-SYSTEM: APJ ELECTRICAL SYSTEM SYMPTOMS -- /

goal = elect-prob-cause.
automaticrmenu(ALL).
enumeratedanswers(ALL).

presupposition(apu-sys-symptom)
major-svstem = 'electrical'
an, elcStrical-sub-system = 'APU elect sys'

question(apu-sys-symptm) = [nl,'
What is zne symptoi :n the APU
electrical system? ,nl].

leg iva!s (apu- s's- symptom) = [

SAPU 81:'-SS ,-S fC BUS TS C"'
.A.U ON-GRD FWR/APU C,, No.2 DC BUS LT ON'
,APU Operating Ground FWR/APU ON Both DC Lights ON'].

/* --------------- APU SYSTFM SYMPTOMS:
AFU OPERATING - GROUND POWER -GR2 POWER APU READY BOTH
E,-- EUS GHTS A;D BOTH _-C EUS LIGHTS ON.
GR*.:UD:: PWR,A PU C. ND:ICATOR CUT. ---------------------------- *'

whenfunda.u-ss-sympto = 'APU ON-ESS BUS + DC BUS LTS ON)=

Vo ,st choose the following symptom:

-he APU is operating on ground power.
.7.e S'z':-cches are :nGRD co,:er and APU Ready.
Ct- ?3S BUS ichos and

bc:h 2 BUS l a .s are ON.
*;e Grcund Pwr,7APU ON nd-cator is Out.

First check for 115-12C vac at terminals L11, L.2, L13
L2, L2, "3 )f contactor 243K2.' ,nl,nl,nlj).

nuet~o', pu-,-ot-:dg, = [ni,

a , tr tne APJ terminal voltages

leqa 'ac'-volt-rdg) = [voltages correct', voltages missing or low',
- :1o voltages 0']

n f ; acu-.olt-rdq = 'oltages correct') =
>y(rnl,rnl,nln
cu a-e sure that the APU voltaces at terminals LII L12 L13 -

.. .. a r3 s:'e correct the AP' caif-ntions because the

connec_.ons are incorrect,
tne :,miactor control is faulty,
or the i-,itch control is faulty.
*.cu rtsl now check the phasing contactor control and switch control.

-sing a phase detector, check for proper phase rotation at terminals
_.11 L>2 L13 - Li L2 L3 - cf contactor 243K2.
---------------------------------------------- ,nl,nl,nl]).

rule-i: if apu-sys-symptom ='APU ON-ESS BUS + DC BUS LTS ON'
and apu-vo.t-rdg = 'voltages correct

then ap. phase rotation' is sought.
whenfoundap--volt-rdg = 'voltages missing or low') =cisplay',Lr..,n!,'

if you are sure that the APU voltages are missing or low,
the APJ might be malfunctioning because of incorrect PMG
output.

Troubleshoot by performing the following checks:
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With the APU operating, measure voltaces at the voltage regulator
plug 242P2 between pins A, B, C and ground. This voltage should
oe 38 - 40 vac.',nl,nl]).

rule-2: if apu-sys-symptom = IAPU ON-ESS -JS + DC BUS LTS ON'
and aou-volt-rdg = voltages missing or low'

then 'PNG voltage' is sought.

whenfound(apu-volt-rdg = 'one or two voltages = 0') =
display([nl,nl,'
If you are sure that one or two APU voltages = 0,
check the APU generator feeder wires.
Troubleshoot by performing the following checks:
When only one or two phases are missing or low,
'he integrity of those wires must be verified.
With all electrical power off the helicopter, check
for continuity and no shorts to each of the following
terminals: Lii L12, Li3 - LI,L2,L3 - of contactor
202K2, to the disconnected terminals Tl, T2, T3 of the
auxiliary generator - or ground power receptacle pins
A, B, C. heck generator post Tl, T2, T3 to ground.',nl,n!]).

rule-3: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu-volt-rdg = 'one or two voltages = 0'

then 'APU feeder wires' is sought.

-------------- APU: PHASING ------------------------ *

question('apu phase rotation') =Lnl,'
Is the phase rotation correct'Y

legavals(fapu phase rotation') = ['yes','no'].
whenfcund('apu phase rotation' = 'yes') =

display([nl,
If phasing is correct, now check the contactor control by:

When proper voltages and phasing are present at terminals
LII, L12, L13 - LL2 ,L3 - contactor 243K2
Check for 24 vdc and ground at x - y - coil of contactor
243K2......................................................... -- n!,nl] ).

rule-4: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu-voit-rdq = 'voltages correct'
and nct('apu phase rotation')

then elect-proo-cause = 'Phasing Connections Incorrect'

--/* ....-------------- APU: CONTACTOR CONTROL -----------------
i,..............

The followina rule is temporarily blocked out because the
knowledge engineer must find out whether combinations of
ehasing, contactor, and switch defects are possible.
As the program runs now, it is phasing or contactor or
sw:tch.

whenfound('apu phase rotation' = 'no')display([nl,nl,l
If phasing is incorrect, locate crossed connections - generator
terminals Tl, T2, T3, or ground power unit, or
contactor terminals 243K2 LII, L12, L13
Li, L2, L3.
Now check the contactor control by:

When proper voltages and phasing are present at terminals
LI, L12, L13 - Li,L2,L3 - contactor 243K2
Check for 24 vdc and ground at x - y - coil of contactor
243K2. ,ni]).

*/
r.
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/* ---------------- APU: CONTACTOR CONTROL ------------------*

question('APU contactor voltage') = [nl,nl,l
Is there 24 vdc and ground at
x - y - coil of the contactor?',nl].

legalvals('APU contactor voltage') = ['yes', 'no'].
rule-5: if apu-svs-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'

and apu-volt-r:Q = 'voltages correct'
and 'apu phase rotation'
and 'A.U contactor voltage'

then elect-prob-cause = 'APU malfunction - faulty CONTACTOR'.
rule-6: if aou-svs-svmptom = 'APU ON-ESS BUS + DC BUS LTS ON'

and apu-vdot-rdg = 'voltages correct'
and 'apu phase rotation'
and not('APU contactor voltage')
and 'battery voltage' = 'battery voltage is good'
an, display[nl,nl,'
If you are sure that the voltage or ground is incorrect
fault isolate using a meter and A1-H46AE-WDM-000 - WP 004 00
or A1-H46AE-WDM-010 - WP 004 00.',nl])

then elect- prob-cause=
-PU malfunction - CONTACTOR and/or wiring faulty'.

question('batterv voltage') = [nl,l
CHECK THE BATTERY!
What is the battery voltage?'].

legalvals('battery voltage') = ['battery voltage is good',
'battery is weak'].

rule-7: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu-volt-rdg = 'voltages correct'
and 'apu phase rotation'
and not(' APU contactor voltage')
and 'battery voltage' = 'battery is weak'
and display([nl,nl,1
Remember: A good troubleshooter always verifies that the
battery is good before doing these checks!
Get a good battery and begin tro Aleshooting again!',nl,nl,nl])

then elect-orob-cause =
WEAK BAfTERY'.

rule-B: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LTS ON'
and apu-vo'.t-rdg = 'voltages correct'
and 'aou phase rotation'
and not('APU contactor voltage')
and 'battery voltage' = 'batter voltage is good'
and 'APU swItch control' = 'continuity good'

then elect-prob-cause = 'APU switch controf transfer unit faulty'.

-APU: SWITCH CONTROL ------------------------*

whenfound('apu phase rotation' = 'yes'
and 'contactor voltage' = 'no'
and 'battery voltage = 'battery voltage is good')
disp lay([nl,'
With a 1 electrical power OFF the helicopter,
check tne continuity of ground power/APU power S243S2.

With switch a APUp power,
read continuity between pins
Y and W, S and U of connector 243PI of the transfer unit.

With switch at GRD PWR,
read continuity between pins Z and W, and T and U of
connector 243P1.']).
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rule-9: if apu-sys-symptom = 'APU ON-ESS BUS + DC BUS LIS ON'
and apu-volt-rdg = 'otages correct'
and 'apu phase rotation',
and not(''.?U contactor voltaqe' )
and 'battery voltage' = 'batLery voltage is good'
and 'APU switch control' = 'continui ty bad'
and display( [ni,l
If continuity :s incorrect:
fault isolate switch or -.wiring using a meter and
AI--4SaE-WDK-OOC - WP 004 0
or A1-H4GAL*-WEX--020 -W? 004 00.' ,nl,nl,nli)

then elect-prob-cause = APU switch control continuity defective'.

-------------------- AP!J: P140 OUTPUT --------------------*

question( 'APU PI-G output' )=
What is the value of the voltage
at the voltage regulator plug
243P2 between p:zns A, B, C
and groun4zr
Enter a num:.ber between 0 and 40.',nll.

legalvals (APU 2KG output') = number(0,40).
rule-IC: if aou-sys-symptom = 'APT ON-ESS BUS + DC BUS LTS ON'

and anu--vcft-rng p=tvoltages missing or low'
arid ,A'PT P14 o-;uut
and X < 33
and disp lavfnl,nl,'
Yo-u just entered a value less than 38 vac.
cf "ou are- sur-e that the voltage is less than .3 vac,

rez;,iace theI APU;.',ni1,n12)
ther'elect-prob-cause = 'APU PMG1 output incorrect - D.EFECTIVE APT'.

rul-i: i au-ss-ymp t om = 'AUO-ESS BUS + DC BUS ITS ON'
and apu-voi1 -rac 'v oltages missing or low'
and 'tPJ P!103 out put' X
and > = 36
and X:<= 40
and dslv n~l
YIou ;is t entered a voltage between 38 and 40 vac, which is

orma
t eplace the voltage regul;ator.' ,nl,nl])
er ", eec-orob -cause =I

AUPMC cutou*t incorrect -DEFEZT:VE VOLTAGE REGULATOR'

----------------- nPU: FEEDER FAULT -----------------

ou-estion( 'APT feeder wires') =[nl,nl,'

:)3 you, :I-ave:
1. proper continuity AND
2. no sh-orts AND
3. generator post grounded between

terninals?' ,rl,r.

legalv-als( 'APUJ feeder wires') = ['yes' ,'no'j
rule-12: If azu-sys-sympton = 'APU ON-ESS BUS t DC BUS LTS ON'

and apu-voft-:o -g = 'one or two voltages = 3'
and 'AT' U feeder wires'
anAd dssplay(-n,nl,'
If you1. are sure that there is continuity, no shorts, and that
tne ge-nerator post is grounded, then
tn-ere doces not seem to be a roblem here! ' ,nl,nl])

then. elect--probD-cause ='UNKNOIV 'N NOT PROGRAMMED YET'.
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rule-13: if apu-sys-symnptom = 'APU ON-ESS BUS + DC BUS LTS O1;'
and apu-vo 1 -rog ='ocne or two vc1tages =0

and not( APU feeder wires')
and display(rnl,ni,l
Lrocate and repair discrepant wire or connection.
,f cpen exists inside AP, generator remo-ve and replace A7?U. ,nl,nlj

then elect-prod-cause = 'Generator Feeder Wires faulty'.

/* ----------- A?J: APU OPERATING. GROUN'1D P'JWER/AU ON
1,1.2 L)C SUS LIGHjT ON -------------------- 4-

wbherfound~apu-s,7s-s) motcm='.FPU ON1-GORD P;j:'oil, 1No.2 DC BTUS LT ON)

Ch--ck zor 28 vdc at No.2 DC BUS in right hand junction

suestion('APU CC BUS volta el) =-[
is the vcltage 28 vdc at t..e No.2 DC BUS
ithe right hand junction bo%?', ni].

legalr.'als 'APU D,: BUS voltage') = 1yes' ,'no'}1.
whenfound( 'APU T,,- BUS voltage' 'no')

adis-olay ( [ni, n, I
If 'vou'are sur .e thait the voltage is not 23 vdc,
flow you must chneck for 28 vdc at X! at DC CROSS TIE CONTACTOR

Ti 23 vdc is present check ground wiring. ',nl,nl]).
rule-l4: if apu-sys-s pto.-n =

APU ON-C-RD ?WiR/A?VUON, No .2 DC BUS LT ON'
a3nC. 'APU 2C BUS voltace' = 'no'
and 'DC CF.CSS TIE CCNIACTO'R voltage'
and 'grounG .i:ing correct'

then- elect-prodb-cause = 'APU- DC CROSS TIE CONTACTOR defective'.
vhenfoun6('AFU DC BUS voltage' ='yes')

7+: ;:Cou 9rE sure that the voltage is 28 vdc,
now yoU Must check for 23 vdc at X2 of EUS FAIL RELAY

if 23 vdc is present check ground wiring.1',nl,nl] ).

question('DC CROSS TIE CONTACTOR voltage') =n,
is the voltage 28 %vdc at X1 at the
DC CROSS TIE CONlTACTOR?' ,nl].

legalvals ('DC CROSS TIE CODITACIOR voltage' ) ['yes' ,'no'].

cquestion( 'ground wiring correct') =['
is the ground wiring correct?' ,ni].

legalvals ('ground wiring correct') =[yes','no'1.
rule-iS5: if apu-sys-svmptom =

AU ON-3RD PWR/AP7J' DN, No.2 DC Bus LT ON'
and 'AU DC BUS voltage' = 'yes'
and 'BUS FAI L RELAY voltaie'
and 'ground w4iring correcul

then elect-prob-cause = 'AU BUS FAIL RELAY defective'.

q~estion('BUS FAIL RELAY voltage')
7S te voltage 28 vd: at X2 atl the

BUS FAIL RELjY? ' nlj .
legal-vals, 'BUS FAIL RELAY voltage') = ['yes' ,'no']l
rule-l'$: if apu-sys-synpto6M

'APU CN-GR2D PWRIAPU~ ON, No.2 DC BUS LT ON'
and 'A?U DC B.'S voltage' = 'no'
and not('LC CRORSS TIE CCrITACTOR voltage')

then elect-nrob-cause 1APU DC CROSS TIE RELAY defective'.



rule-17: if apu-svs-symptom =
APU ON-GRD PW!/APU ON, No.2 DC BUS LT C'
and 'APU DC BUS voltage' = yes'
and not,'BUS FAIL RELAY voltate')

then elecz-prob-cause = 'APU DC CRCSS TIE RELAY defective,.

P--------------U: APU OPERATING GROUND PWR/APU ON BOTH
DC BUS LIGHTS ON ------------------------ *

whenfound ( .pu- sys -symptom =
'APU Opei:azing Ground PWR/APU ON Both DC Lights ON')
disp Ila-,(rnr.1
Cez .,or 2S vdc at the transformer rectifier relay terminal

que stion( trans rect relay voltage') = [nll
is the voltage at the transformer
rectifier rezav terminal A3 = 28 vdc?'].

_egalvals('trans rect relay voltage') = ['yes',1no'].
wh-enfond('trans rec- relay voltage' = 'yes)display([nl, '

T, -'u are sure that the voltage is 28 vdc,
reclace relay 161K7, then
cha-k the voltage of terminal A2 of relay 161K7.',nl,nl]).

whenfound 'trans rect relay voltage' = 'no,)
display([ni,'
if you are sure that the voltage is not 28 vdc,
:ault isolate ,transformer rectifier, and"in0-ut "wi-ring.' n ,! )

questi:n('A2 voltace') = [nl,'
is the voltase at terminal A2
of relav 16i.7 correct?'].

,egalvals('A2 voltage') = '1yes', no'].

rule-13: if anu-svs-svmptom =
'APU Operating Ground PWR/APU ON Both DC Lights ON'
ani 'trans rect relay voltage'
an 'A2 voltage'

then ect-zrcb-cause =
'Relay 161K7 in APU transformer rectifier defective'.

rule-19: If apu-svs-symptom .
A'?T' oerattng Ground PWR/APU ON Both DC Lights ON'
and no> trans rect relay voltage')

then eleot-prcb-cause = "AU transformer rectifier defective'

/ *** * END OF APU ELECTRICAL MODULE *
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/***************** UTILITY POWER SYSTEM *******************

goal = hydr-prob-cause.
automaticmenu(ALL).
enumeratEdanswers(ALL).
presupoositior.(util-pwr-sys-svmptom)

major-system = 'hvdraulic"
ar.d hydraulic-sub-system = 'Utility Power System'.

presupposition(util-press-ind-symptom) =
i-major-system = ,hydraulic'
and hydraulic-sub-system = 'utility pressure indicating

systen'

question(util-pwr-sys-symptom) [7
are the symptoms of the problem?',nl].

legaLvals(util-pwr-svs-symotom) =
Handoump Operation Difficult and Ineffective (Filling System)',
'Handuump Cperation Difficult and Ineffective (Pressurizing System)',
'Pressure Fluctuates Between 0 and 2500 psi After APU Starts',
'Accumulator Pressure Drops Off to Gas Precharqe',
APU Starts But Does 'lot Accelerate -Runs 40-60% RPM'
'Continuous UTIL HYD HOT Warnig Light',
Fan Does Not Operate',
F!uid Overheating',
'Accumulator Gas Precharge Bleeds Off',
Low System Pressure -- Transmission Turning',
'Power Supply Pressure Fluctuates',
'APJ Will Flot Start',
'Subsystems Not Receiving Pressure'
'Unable to Pressurize Accumulator With Handpump',
'Reseated Extension of Filter Contamination Indicators'
'Hyjiaulic Chattering or High Frequency Vibrations in System'-.

/* ---------- U7ILITY POWER SYSTEM SYMPTOM:
HANDPUMP OPERATION DIFFICULT AND INEFFECTIVE (FILLING
SYSTEM) *-

whenfound(utii-pwr-s ys-symptom
-Handpum' Cueration Difficult and Ineffective (Filling System)')disoliy(r'

:he first check of this problem is:
Check that the arrow on the check valve points toward the tee
above the depressurizing valve.',nl,nl,nlj).

ouestion(hand-pump-ck-valve) = [nl,l
hizh way is the arrow on the check

valve potnting:
"towards tee" or 'away from tee"
above the depressurizing valve?'].

le alvals(hand-pump-ck-valve) = ''towards tee','away from tee'].
rule-i: if util-pwr-sys- syp tom

'Handpump Opeiation Difficult and Ineffective (Filling System)'
ano hand-pump-ck-valve = 'away from tee'

then hydr-orob-cause =
'Check "}alve installed backwards in tee above
depressurizing valve

whenfound(hand-oump-ck-valve = 'towards tee')
disnlay( [n1,£1, '
if: you are sure that the check valve is installed properly in
the tee above the depressurizing valve, then:
check which way the arrow points on the check valve in the
bottom filler. ,nl,nl,nll)'.
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rule-2: if util-o'wr-sys-svmptom =
'Handpump Cpe:ation Difficult and Ineffective (Filling System)'
and hand-Dumo-ok-valve = 'towards tee'
and bottcon-filler-ck-valve = 'towards filter'

then hydr-prcb-cause =
'Check valve installed backwards in bottom of filler'.

cuestion, bottcm-filler-ck-valve) =
;,nich wav is tie arrow on the bottom
filler check valve pointing:
towards filter' or "away from filter"?'].

legalvals(bottom-filler-ck-valve) ['towards filter' ,'away from filter'].
whenfound(bottc:n-filler-ck-valve = lawa-- irom filter') =

If you are sure that the check valve is installed properly in
the tee above the deoressurizing valve, and
f you are sure that the check valve is installed properly in

the'bottom filler, then:
check which w,.iay that the arrow points on the check
valve in the out port of the return filter.',nl,nl,nl]).

rule-3: if util-pw-r-sys-symptom =
'Handpump Operation Difficult and Ineffective (Filling System)'
and hand-ou'mo-ck-valve = 'towards tee'
and boctcm-filler-ok-valve = 'away from filter'
and return-f-iter-ck-valve = 'towards filter'

then hydr-prob-cause =
*Check valve installed backwards in Out Port of Return Filter'

question(return-filter-ck-valve) = [,
Which way is ,he arrow on the out port
of return filter :heck valve pointing:
"towards filter" or "away from filter"?'].
legalvals(return-filter-ck-valve) = ['towards filter',
'away from filter 1].
whenfound(return-filter-ck-valve = 'away from filter') =

dizolay([nl,nll
If tou are s-re that the check valve is installed properly in
the tee above the depressurzing valve, and
if you are --ure that the check valve is installed properly in
the bottm filer, and
if you are sure that the check valve is installed properly in
the out port of the return filter, then:
check the Depressurizong Valve.' ,nl,nl,nl]).

rule-4: if ut:l-pwr-sys-symptom =
'Handoump Operation Difficult and Ineffective (Filling System)'
and nd-pumz-c:-valve = towards tee'
and boto-fCm llr-ck-valve = 'away from filter'
and re urn-folter-ck-valve = 'away from filter'
nd depress-vave ='bad'

aoo n isplay( n 7nl,l
A Reolace the Ce:ressurizing Valve using

AE-H46AE-45D-0'), sect'aon WP '28 O.',nl,nl]
then Lydr-prob-cause = 'Faulty epressurizing Valve'.
,uestion(depress-valve) =
fs the deoressurizing vaive

"cood" "or "bad'c~r nfave you
' alre ai replaced" it? ]

leoalval sidepress-valve) = ['good', 'bad','already replaced'].
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rule-5: if util-pwr-sys-symptom
'Handump Operation Difficult and Ineffective (Filling System)'
and hand-pump-ck-valve = 'towards tee'
and bcttom-filler-ck-valve = 'away from filter'
and return-filter-ck-valve = 'away from filter'
and depress-valve = 'good'
or depress-valve = 'already replaced'
and display([nl,nl,'
If ycA are sure that the Depressurizing Valve is "good", or
if reolacing the Depressurizing V7alve did not correct the
oroblem, replace the Hand ng Al-H46AE-450-000
section WP t29 00.',nl,n A])

then hydr-prob-cause = 'Faulty Handpump'.

/* -------------- UTILITY POWER SYSTEM SYMPTOMS:
HANDPUMP OPERATION DIFFICULT AND INEFFECTIVE (PRESSURIZING
SYSTEM) -----------

whenfound(util-pwr-sys-symptom =
iHandcump Operation Difficult and Ineffective (Pressurizing System)') =• difolaTH The fist check of this Problem is:

Check the check valves in the tee in the reservoir suction line
at station 533, WL 44.
Chezk the arrow at the side of the tee, and
check the arrow on the valve at the bottom of the tee.',nl,nl,nl])

question(res-suct-line-ck-valve) = [nl,l
'hich v.,av are the arrows on the
resetvoir suction line check
valves pointing?'].
lecalvals(res-suct-line-ck-valve) =
'side tee arrow - away from tee, and bottom tee arrow - towards tee'
'side tee arrow - towards tee, and bottom tee arrow - away from tee'j.
rule-6: if util-pwr-sys-s] mptom =

'Handpump Operation Difficult and Ineffective (Pressurizing System)'
and res-suct-line-ck-valve =
'side tee arrow - towards tee, and bottom tee arrow - away from tee'
or res-suct-line-ck-valve = unknown

% then hvdr-prob-cause =
'Check valves are installed backwards in tee in reservoir
suction line at station 533, WL 44'

whenfound(res-suct-line-ck-valve =
'side tee arrow - away from tee, and bottom tee arrow - towards tee') =

disolay(r
If 'you are sure that the arrow at the side of the tee points
',NIA from the tee, and that the arrow on the valve at the
bottom of the tee points TOWARDS the tee, then:
Check for Air in the Utility Reservoir.',nl,nl,nl]).

question (air-in-util-res) = (nl,
r, id you find air in the utility
reservoir?'].
lecalvals(air-in-util-res) = ([yes' ,'no'].
rule-7: if util-pwr-sys-symptom

'Handpump Operation Difficult and Ineffective (Pressurizing System)'
and res-suct-line-ck-va'Lve =
'side tee arrow - away from tee, and bottom tee arrow - towards tee'
and air-in-util-res ='yes'
and displaX([nl,n!,'
Bleed the Utility Reservoir using Al-H46AE-450-000,
section WP 013 00.',nl,nl,nl])

then hydr-prob-cause 'Air in Utility Reservoir'.
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whenfound(air-in-util-res = 'no') =
display((,
if you are sure that the check valves are properly installed in
the tee at the reservoir suction line, and
that there is no air in the utility reservoir, then:

1. Disconnect the line between the isolation manifold and the
package manifold.

2. Cap the isolation manifold and plug line.
Operate the handpump. ,nl]).

rule-E: if util-pwr-sys-symptom =O
'Handouxp Opez.-atior. Di5ficult and Ineffective (Pressurizing System)
and res-suct-line-ck-valve =
'side tee arrow - a.iay from tee, and bottom tee arrow - towards tee'
and air-in-utii-res = 'no,
3nd hand-pump-cos ='yes1and dsplavjn,,i
if the hans pumo operates properly, the package manifold is

facy. ,ri,nl1 n 1

then hycr-prob-cause = 'Faulty Relief Valve in Package Manifold'
auestion(hand-pump-ops) = [ln,' 
roes the Land pumz operate properly?' J.
legal.ais(hand-pump-ops) = ['yes', 'no'].
whexfo'.nd(hand-pump-cps = 'no') =

displav(n!,n!,n!,,
If yo- are sure that the check valves are properly installed in
the tee at the reservoir suction line, and
that there is no air in t*e uility reseanvor n
that the hand pump does not operate properly, then:
Chec. the Depressurizing Valve, and
Check the reservoir for external damage.',nl,nl,nl]].

rule-9: if util-pwr-sys-symptom ='Handpump Operation Difficult and Ineffective (Pressurizing System;'
and res-suct-i_n.-ck-valve =
's-da tee arro' away from tee, and bottom tee arrow - towards tee
and air-in-uoii-r~- s 'no
and ;ha.nd-nump-ops = 'no'
and deoress-valve 'bad'
and re's-ext-damage = 'no'

then hvdr-prccb-cause 'Faulty Depressurizing Valve'

rule-1: if uti-pwr-sys-symptom :
'Handpump Operation ifficult and Ineffective (Fressuriznq Syste-)
and res-suct-line-ck-valve =
'side tee arrow - away from tee, and bottom tee arrow - towards tee'
and air-in-util-res = 'no'
and hand-pump-ons = 'no'
and deporess-valve = 'good'
or depress-valve = 'already replaced'
and res-ext-damage = 'no'
and display([nl,nl,
If you are sure that the Depressurizing Valve is "good', or
if replacing the Depressurizinq Valve did nct correct the
problem, replace the Handpump using Al-H46AE-450-CL)0,
section WF 029 00.',nl,nlJ)

then hydr-prob-cause = 'Faulty Handpump'.
cuestion~res-ext-damage) = [I

stnere any evdence of damage
on :he .eservoir?'].
legalvals(res-ext-damage) = ['yes', 'no'].
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lecalvalsklutLIl-sys-press) =r'yes' ,'no.
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rule-19: if util-pwr-sys-symptom =
'Accumulator Pressure Drops Off to Gas Precharge'
and press-op-valve-leak = 'no'
and accu:-press = 'hold'
and display([nl,nl,1
Replace Pressure-Operated Valve using Al-H46AE-450-000,
section WP 021 00.',nl,nl])

then hydr-prob-cause = 'Faulty Pressure-Operated Valve'.

whenfound(accum-Dress 'drop off') =displav,([nl,n ',
If you are troubleshooting:

'Accumulator ?ressure Drops Off to Gas Precharge"
and if you are sure that:

the Pressure-Operated Valve does not leak, and
that the accumulator pressure does "drop off",

the next troubleshooting procedure is:
1. Remove the line to the manifold valve AUX PRESS port.
2. Cap the tee.
3. Pressurize the accumulator.
4. Check for accumulator pressure "drop off" or "hold".',nl,nl]).

rule-20: if util-pwr-sys-symptom =
'Accumulator Pressure Drops Off to Gas Precharge'
and iress-oo-valve-leak = 'no
ant accu-press = 'drop off'
aad ramp-manifold-accum-press-ck = 'hold'
and display('Lnl,nl,'
Replace Ramp and Door Control Manifold Valve using AI-H46AE-1l0-000,
section WP 15 00.',nl,ni])

then hydr-prob-cause ='Faulty Ramp and Door Control Manifold Valve'.
question(ramo-manifold-accum-oress-ck)
Does the accumulator "hold" or 'drop off"
pressure?'j.

legalals(ramp-manifold-accum-press-ck) ['hold','drop off'].

henfoundfrmn-manifold-accum-press-ck : 'drop cff')
disolay([nlnl,'
If you are sure that:

the the Pressure-Operated Valve is not leaking, and
the accumulator does hold pressure for the first check, and
zhe accumulator "drops off' pressure in the second check,

then the next troubleshooting procedure you perform is:
Check for APU Pump-Motor motoring with start switch OFF.',nl,nl]).

rule-21t if util-pwr-sys-symptom =
'Accumulator Pressure Drops Off to Gas Precharge'
and oress-co-valve-leak = 'no
and accum-oress = 'drop off,
and ramo-manifold-accum-oress-ck = 'drop off'
and apu-notoring = 'yes'
and display [nl,nl,'
Replace'So enoid Operated Shutoff Valve using A1-H46AE-450-000,
section WP 021 00.',nl,nl])

then 'dr-prob-cause = 'Faulty Solenoid Operated Shutoff (Pilot) Valve'
question(apu-motoring)
Does the APU motor with tRe start
svitch OFF?'
legalvals(apu-motoring) = ['yes','no'].
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whenfound(apu-motoring = 'no')display([nl,nl,,
If you are sure that:

the the Pressure-Operated Valve is not leaking, and
the accumulator does hold pressure for the first check, and
the accumulator "drcps off' pressure in the second check,
and the APU does not motor when the start switch is OFF,

then the next troubleshooting procedure you perform is:
Check for the pressure to drop off when depressurizing valve
is set to FULL.',nl,nl]).

rule-22: if util-pwr-sys-symptom =
'Accumulator Pressure Drops Off to Gas Precharge'
and press-oo-valve-leak =''no'
and accum-press = 'drop off'
and ramp-manifold-accum-press-ck = 'drop off'
and apu-motoring = 'no'
and depress-valve-press-drop = 'drop off'
and disDlay([nln1 nI
Replace'Controllabie Check Valve using Al-H46AE-450-000,
section WP 022 00.',nl,nl])

then hydr-prob-cause = 'Faulty Controllable Check Valve'.
question(depress-valve-press-drop) =
Does the pressure "hold' or "drop off'
when the depressurizing valve is set
to FULL?'].
legalvals(depress-valve-press-drop) = ['hold','drop off'].
whenfound(depress-valve-press-drop = 'hold') =

display([nl,l
If you are sure that:

the the Pressure-Operated Valve is not leaking, and
the accumulator does hold pressure for the first check, and
the accumulator "drops off' pressure in the second check,
and the APU does not motor when the start switch is OFF, and
the pressure "holds" when the depressurizing valve is set
to FLL,

then the next troubleshooting procedure you perform is:
1. Disconnect line from shuttle valve to top cross between

high pressure relief valve and pressure line filter.
2. Cap the valve.
3. Plug line.
4. Pressurize the Accumulator.

Check for Accumulator pressure drop.',nl,nl]).
rule-23: if util-pwr-sys-symptom =

'Accumulator Pressure Drops Off to Gas Precharge'
and press-op-valve-leak = 'no'
and accum-press = 'drop off'
and rarp-manifold-accum-press-ck = 'drop off'
and apu-moLoring = 'no'
and depress-valve-press-drop = 'hold'
and shuttle-valve-accum-press-ck = 'drop off'
and display([nlnl I
Replace Shuttle Vaive using Al-H46AE-450-000,
section WP 018 00.',nl,nlj)

then hydr-prob-cause = 'Faulty Controllable Check Valve'.
question(shuttle-valve-accum-press-ck)
Does the accumulator pressure
"hold" or "drop off"].
:egaLvals(shuttle-valve-accum-press-ck) = ['hold','drop off'].

/* ---------- UTILITY POWER SYSTEM SYMPTOM:
APU STARTS BUT DOES NOT ACCELERATE (RUNS AT ABOUT

40 TO 60% RPM ---- */
whenfound(util-pwr-sys-symptom =
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'APU Starts But Does Not Accelerate -Runs 40-60% RPM') =
display([nl,'
The first check for this symptom is:
Watch the Ng Tachometer for engine cranking during APU start.
If trouble is on #1 Engine, set SYS SELECT switch to ENG #1.
Check to see if the main engine cranks.',nl,nl,nl]).

uestion(engine-cranking) = [Is the Engine cranking during
APU start.'j.
legalvals(engine-cranking) = ['yes','no'].
rule-32: if util-pwr-sys-symptom =

'APU Starts But Does Not Accelerate -Runs 40-60% RPM'
and engine-cranking = :yes'
and display([nl,nl,'
Replace the main engine start valve using A1-H46AE-220-000,
section WP 075 00.',nl,nl])

then hydr-prob-cause = 'Faulty Main Engine Start Valve'.
whenfound(engine-cranking = 'no') =

display([nl,'
If you are sure that the main engine is NOT cranking during APU
start, the next check for this symptom is:
Check the Accumulator air charge and hydraulic
pressure.',nl,nl]).

ouestion(accum-air-chrg-hydr-pres) =
fs the Accumulator Air charge or the
Hydraulic Pressure Low?'].
legaivals(accum-air-chrg-hydr-pres) = ['yes','no'].

rule-33: if util-pwr-sys-symptom =
'APU Starts But Coes Not Accelerate -Runs 40-60% RPM'
and engine-cranking = 'no'
and accum-air-chrg-hydr-pres = 'yes'
and display([nl,nl,'
Dump the Hydraulic Pressure.
Check the gauge for proper air charge.
Recharge as necessary.
Handpump the accumulator to 3000 psi. Use Al-H46AE-450-000,
section WP 013 00.',nl,nll)

then hydr- prob-cause =
'Accumulator Air Charge or Hydraulic Pressure is low'.

whenfound(accum-air-chrg-hydr-pres = 'no') =
display([nl,l
If you are sure that the main engine is NOT cranking during APU
start, and
the Accumulator air charge and hydraulic pressure are good,
then the next check for this symptom is:
Check for the APU pump-motor cavitating and chattering during
APU start.',nl,nl]).

?uestion(apu-cavitating) =
s the APU cavitating and chattering

during start?'].
legalvals(apu-cavitating) = ['yes','no'].
rule-34: if util-pwr-sys-symptom =

'APU Starts But Does Not Accelerate -Runs 40-60% RPM'
and engine-cranking = 'no'
and accum-air-chrg-hydr-pres = 'no'
and apu-cavitating= yes'
and display( [n2-,nI,'
Bleed air rom system using Al-H46AE-450-000,
section WP 013 00.',nlnl])

then hydr-prob-cause = 'Air in System'.
whenfound(apu-cavitating = 'no')

display([nl,
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If you are sure that the main engine is NOT cranking during APU
start, and
the Accumulator air char e and hydraulic pressure are good, and
the APU pump-motor is no? cavitating,
then the next check for this symptom is:
Insnect the contamination indicators on system filters.
If extended, examine contents of filter bowl for contamination
caused by APU pump-motor failure.',nl,nl]).

rule-35: if util-pwr-sys-symptom =
'APU Starts But Does Not Accelerate -Runs 40-60% RPM'
and engine-cranking = no
and accum-air-chrg-hydr-pres = 'no'
and apu-cavitating = 'no'
and filter-contam = 'yes'
and displayu[nl,nl,'
Replace APU punp-motor. Flush lines using Al-H46AE-450-000,
section WP 013 O0.',nl,nl])

then hydr-prob-cause = 'Faulty APU pump-motor'.
rule-36: if util-pwr-sys-symptom =

'APU Starts But Does Not Accelerate -Runs 40-60% RPM'
and engine-cranking = 'no'
and accum-air-chrg-hydr-pres = 'no'
and apu-cavitating = 'no
and filter-contam = 'no'
and pump-motor-press = 'yes'
and display([nl,nl,'
Replace APU pump-motor. Flush lines using Al-H46AE-450-000,
section WP 013 00.',nl,n])

then hydr-prob-cause = 'Faulty APU pump-motor'.
question(pump-motor-press) = ['
Are pressures excessive in either the
motor mode, or pumping mode?'].
legalvals(pump-motor-press) ['yes','no'].
whenfound( umD-motor-press ='no') =

display [n n'
If you are sure that the main engine is NOT cranking during APU
start, and
the Accumulator air charge and hydraulic pressure are good, and
the APU pump-motor is not cavita ting,
the APU is not contaminated, and
the pump mode and motor mode pressures are not excessive,
then:

Troubleshooting the APU using Al-H46AE-400-000, section WP
033 00.

After you have done that the next check for the Utility Power
System is:

1. Disconnect the line from the aft end of High Pressure
Relief Valve.

2. Plug line.
3. Cap the valve fitting.
4. Ooerate the APU.
5. Check for APU acceleration.',nl,nl).

question(apu-accel) =
Does the APU accelerate?'].
legalvals(apu-accel) = ['yes','no'].
rule-37: if util-pwr-sys-symptom =

'APU Starts But Does Not Accelerate -Runs 40-60% RPM'
and engine-cranking = 'no'
and accum-air-chrghydr-pres = 'no'
and apu-cavitating = 'no'
and filter-contam 'no'
and pump-motor-press = 'no'
and 3pu-accel = 'yes'
and display([n,nl,'
Replace High Pressure Relif Valve using Al-H46AE-450-000,
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section WP 031 OO.',nl,nl])
then hydr-prob-cause , 'High Pressure Relief Valve Leaking'.
whenfound(apu-acce± = 'no')=

disp lay( [ni,'
If you are sure that the main engine is NOT cranking during APU
start, and
the Accumulator air charge and hydraulic pressure are good, and
the APU pump-motor is not cay itating,
the AP'J is not contaminated, and
the p,=p mode and motor mode pressures are not excessive, and
ou nave troubleshot the APU, and
hAPU does not accelerate, then:
1. Disconnect the line from the aft end of the manifold.
2. Plug line.
3. Cap the manifold port fitting.
3. Operate the APU.
4. Cneck for APU acceleration.' ,nl,nl]).

rule-38: if util-pwr-sys-symptom
'APLU starts 3ut Does Not Accelerate -Runs 40-60% RPM'
and engine-cranking = 'no' 10
and accum-air-chrg-hydr- res = 'no
and ap-a-cavitating ='no
and filter-contan 'no'
and pump-motor-press = 'no'
and apu-accel = no'
and man-apu-accel ='yes'
and display( jnl,nl,'
Replace ,lan-rold using Al-H46AE-450-000,
section WP 030 OO.',nl,nlJ)

then hydr-prob-cause = 'Utility System Package Manifold Leaking'.
question(man-apu-accel) =,(
Does the APU accelerate.']
legalvals(man-apu-accel) ['yes','no'J.
rule-39: if util-pwr-sys-symptom=

'APU Starts But Does Not Accelerate -Runs 40-60%6 RPM'
and engine-cranking = 'no'
and accum-air-chrg-hydr-pres = 'no'
and anu-cavitating = no'
and E2.ter-contam = no'
and pump-motor-press = 'no,
and apu-accel = ' no'
and ian-apu-accel = 'no'
and diSo'lay( [nl,nl,l
Sorry Ths situation is beyond the scope of this program.' ,nl1,nl-)

then hydr-prob-c'auseu= ' UNKNOWN - NOT PROGAMED YET'

1* ---------- UTILITY POWER SYSTEM SYMPTOM:
CONTINUOUS UTIL HYD HOT WARNING LIGHT----

whenfound(util- pwr-sy s-s yip tom =
'Continuous TIL hYD E{OT Warning Light')=
display((nl,'

* The first check for this symptom is:
Perform functional test of thermal switch, using

A1-H46AE-450-OOO, section VP 024 G0, para. 1O.',nl,nl,nlD).

? uetionther-swich)=P
?sthe Therrial Switch operating
properly?,]
legalvals(therm-switch) = ['yes',*no'].
ru'e-40: if util-pwr-sys-symptom =

C ontinuous UTIL H- HOT Warn..ng Light'
and therm-switch = 'no'

then hydr-prob-cause = 'Faulty Thermal Switch'.



whenfound(therm-switch = 'yes')
disolay([nl,1

If you are sure that the Thermal Switch is operating properly, then
the next check for this symptom is:
Abort this consultation (Ctrl-A and "yes"), and start again
selecting the trouble symptom:

'Fluid Overheating" and troubleshoot as directed.1,nl,nl]).
rule-41: if util-pwr-svs-symptom =
'Continuous UTIL HYD 1iOT Warning Light'

.4 and the.-m-switch = 'yes'
then hydr-prob-cause = 'Fluid overheating'.

*----------- UTILITY POWER SYSTEM SYMPTOM:
FAN DOES NOT OPERATE ---- *

whenfound(util-pwr-sys-symptom =
'Fan Loes Not Operate') =
display([nl,'
The first check for this symptom is:
Check UT HYD SYS ELO, circuit breakers for 115 vac on
pins A, B, and C of 035P2.',n!,nl,nl]).

cuestion(blower-cb)
fs tnere .15 vac on pins A,B,C
o- :he Utility Hydraulic System
Slower?'
Iegalvals(blower-cb) = ['C/Bs are out','Yes, but no fan',
N'o volt-ae present'
rule-42: if util-pwr-sys-symptom

'Fan Does Not Operate'
and blower-cb = 'C/Bs are out'
and displav([nl,'
Reset the tT HYD SYS BLO circuit breakers.',nl,nl])

then hydr-prob-cause = 'No AC electrical power - Circuit Breakers Out'
rule-43: if util-pwr-sys-symptom

'Fan Does Not Operate'
and blower-cb = '1o voltage present'
and display([nl,'
Repair or reolce the wiring using
AI-H46AE-420-000, section W? 009 00.',nl,nl])

then hydr-prob-cause = 'Faulty Wiring'.
rule-44: if util-pwr-sys-symptom =

'Fan Does Not Operate'
and blower-cb = 'Yes, but no fan'
and display -nl,'
Replace the fan using
AI-H43AE-420-000, section WP 024 00.',nl,nl])

then hydr-prob-cause = 'Faulty :in'.

*----------- UTILITY POWER SYSTEM SYMPTOM:
FLUID OVERHEATING - */

whenfound(util-pwr-sys-symptom =
'Fluid Overheating') =
displav([nl,l
The fist thing to do is abort this consultation (Ctrl-A and "yes"),
and restart the consultation choosing the symptom:
"Fan Does Not Operate" and troubleshoot as dIrected.

The next check after you have troubleshot the above symptom is:
Inspect the cooler for obstructions.',n.,nl,nl]).
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question(cooler-obstr)
Are there any obstructions in the
cooler, like rags, tools, dead
buzzards? '].
legalvals(cooler-obstr) =['yes' ,'no'].

rule-45: if util-owr-sys-svmptom
'Fluid Overheafing'
and cooler-obstr = 'yes'

then hydr-prob-cause = 'Cooler Air Intake Clogged'.
rule-46: if util-pwr-sys-symptom=

'F!l;id Overheating'
and cooler-obstr = 'no'
and line-chatter ='Yes,
and display([ni,nl,'
Bleed sistem at the cooler bleed plug and reservoir bleed plug using
Al-H46A -450-0C0, section WP 013 00.,nl,nl]

then lildr-prob-cause ='Air Locked in Coler'
question(line-chatter) =P
an you hear any lline chatter'

w.-en t~ie system is operating?'j
legalvals(line-chatter) ['yes', 'no'].
whenfournd(line-chatter ='no')

display( fnl, I

If you are sure that the Fan is OK, and
there are not obstructions in the Cooler Air intake, and
there is no line chatter, then:
check for temnp erature rise from pressure to return lines of
suspected leaking components if internal Jleakag is not
audible. The system must be pressurized to 3000 psi for
this check.' ,nl,nl]).

rule-47: if util-pwr-sys-symptom=
'Fluid Overheatinc'
and cooler-obstr ='no'
arnd line-chatter ='no'
and internal-sys-temp = 'yes'

then hyd~r-prob-cause = 'Internal System Leakage'.

? uestion(internal-sys-temDp) = [
Is there a temperature rise from the
pressure to the return lines of the
suspected leaking components?'].
legalval~s(internal-sys-temp) - [yes' ,'no'].
whenfound( internal-sys-tenp 'no')

if you are sure that the Fan is O1<, and
there are not obstructions in the Cooler Air Intake, and
there is no line chatter, and
there is no temperature rise from the pressure to return lines, then:
check the reservoir piston rod for actual volume of fluid
in the tank.'Inl,n.1).

rule-48: if util-pwr-sys-symptom=
'Flujid Overhea~ing'
and ccoler-cbstr = 'no'
and line-chatter = 'no'
arnd internal-sys-temp = 'no'
and -es-fluid-1~vl 'ow'

the h.d-prob-cause " 'ow Fluid Level'.
question (res-fluid-livi)
VWIhat is th-e f.Luid level in the
re servoir?
le galvals(res-fluid-lvl) =['normal' ,'low'].
rule-49: if util-pwr-Eys-symptom



'Fluid Overheating'
and cooler-obstr = 'no'
and line-chatter = 'no'
and internal-sys-temp = 'no'
and res-fluid-lvl = normal'
and display([nl ,nl1
Sorry, this situation is beyond the scope of this program.',nl,nl])

then hydr-prob-cause = 'UNKNOWN - NOT PRORAMMED YET'.

*----------- UTILITY POWER SYSTEM SYMPTOM:
ACCUMULATOR GAS PRECHARGE BLEEDS OFF ----

whenfound(uti-pwr-sys-symptcm =
'Accumulator Gas Precharge Bleeds Off') -

display([nl,1
The first check of this symptom is:
Apoly a mild soap and water solution to fittings.
Wa cK for bubbles indicating leakage.',nl,nl,nlD.

question(fittings-bubbles) =
Are there any bubbles forming
around the fLittings?'].
iegalvals(fittings-bubbles) = ['yes','no'].
rule-50: if util-pwr-svs-symptom =
'Accumulator Gas Precharie -leeds Off'
and fittings-bubbles = yes'and displav([nl,nl,'
Lubricate all male fittings (sounds erotic huh?). Use antiseize
compound. Torque all fittings and line using Al-H46AE-GAI-000.
section WP 003 00.',nl,nl])

then hydr-prob-cause = 'Leakage Through Line or Component Fittings'.
whenfcund(fittings-bubbles = 'no') =

display([nl,'
i you are sure that no bubbles formed around any of the fittings,
theh the next check is:

Test the accumulator using Al-H46AE-450-000, section WP 049 00.
1,nl,nl1).

question(accum-test) =
Did the Accumulator test "good"
or "bad''?'].

legalvals(accum-test) = ['good','bad'].
rule-51: if util-pwr-svs-symptom =
'Accumulator Gas Prechar e Bleeds Off'
and fittings-bubbles = no'
and accum-test = 'bad'
and display([nl,nl,'
Reoair or Replace the Accumulator using
A!-H46AE-450-000, section WP 023 00.' ,nl,nl])

then hydr-prob-cause = 'Accumulator Leaks Internally'.
rule-52: if util-pwr-sys-symptom =
'Accumulator Gas Precharge Bleeds Off'
and fittings-bubbles = no'
and accum-test = 'good'
and display( [nl,nl,'
Sorry, this situation is beyond the scope of this program.',nl,nl])

then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMED YET'.

/* ----------- UTILITY POWER SYSTEM SYMPTOM:

LOW SYSTEM PRESSURE -- TRANSMISSION TURNING ---- */
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whenfound(util-pwr-sys-symptom =
'Low System Pressure -- Transmission Turning') =

dispJay([nl,'
The first check of this symptom is:
Check the valve pointer for correct position.',nl,nl,nl]).

,[uestion(valve-pointer)=
What is the position of the
Depressurizing valve pointer:

"NORM" or "FILL"?'?
legalvals\valve-pointer) = ['normal','fill'].

rule-53: if util-pwr-sys-symptom =
'Low System Pressure -- Transmission Turning'
and valve-pointer = 'fill'
and disp!ay([nl,nl,'
Turn valve to "NORM".' ,nl,nl])

then hydr-prob-cause = 'Depressurizing Valve not Turned to NORM'.
whenfound(valve-pointer = 'normal') =

display([ni,'
If you are troubleshooting the symptom:

'"Low System Pressure -- Transmission Turning", then
If you are sure that the valve pointer is in the NORM position, then
t-e next check of this symptom is:
Check system pressure at the accumulator pressure gauge or with a
direct-reading pressure gauge - Figs. 1 and 2, Al-H46AE-450-000,
section WP 008 0, p. 16.

if you are troubleshooting the symptom:
'unable to Pressurize Accumulator With Handpump, then

the next check is:

1. Enercize the isolation manifold.
2. Pres~urize system.
3. Check for whether pressure can be maintained.',nl,nl,nl]).

question(sys-press) =
,.,hat is the direct-reading gauge
pressure?'].
legalvals(sys-press) = ['3000 psi','Below 3000 psi'].
rule-54: if util-pwr-sys-symptom =

'Low System Pressure -- Transmission Turning'
and valve-pointer = 'normal'
and svs-press = '3000 psi'
and dlsplay([nl,nl,'
You just entered "3000 i" which means that the system pressure
is good, but the indicaor is not indicating the pressure properly.
Troubleshoot the pressure indicating system.',nl,nl])

then hydr-prob-cause = 'Faulty Pressure Transmitter or Indicator'.
whenfound(svs-press 'Below 3000 psi')dis~o73y(Lnl,:

If you are sure that the valve pointer is in the NORM position and
the direct-reading pressure on the Accumulator is above oi below
3000 psi,
then the next check of this symptom is:
Inspect the pump for blackening of metal plates, discoloration
of paint, or melting of cadmium plating.',nl,nl,nl-).

question(ump) ['Are an'; of the above symptoms

present on the pump?' .
legalvals(pump) = ['yes','no'].

rule-55: if util-pwr-sys-symptom =
'Low Svsten Pressure -- Transmission Turning'
and valve-pointer = 'normal'
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and sys-press = 'Below 3000 psi'
an, pump = 'ves'
and display(TnI,nl,I
Overheating is evident, replace pump. I,nl,nl] )

then hydr-prob-cause = 'Low Pump Output Pressu're'
whenfound(oump = 'no') =
display( n!l, '

T , you are sure that the valve pointer is in the NORM positlcn, and,
the direct-reading pressure on the Accumulator is abo 'e or nelow
3000 psi, and
there is no evidence of the pump overheating,
then the next check of this symptom is:
Pressurize the system to 3000 psi, using a teststand.',,nl,ni,i.

guestion(teststand-press) = P
_,s 30CC psi maintained, or does the
pressure bleed off?'].
legalvals(teststand-press) = ['3000 psi Maintained', 'Bleed Off'].

rule-56: if util-pwr-sys-slrptom =
'Low System Pressure -- ransmission Turning'
and valve-pcinter = 'normal'
and sys-press = 'Below 3000 psi'
and pump = 'no'
and taststand-oress = '3000 osi Maintained'
and display([nI,nl,'
if the pressure is maintained at 3000 osi, replace the purp.',nn

then hydr-prob-cause = 'Low Pump Output Pressure'.
whenfound(teststand-press = 'Bleed Off')
display(,nl,'

,f you are sure that the valve pointer is in the NORM position.. and
the direct-reading pressure on the Accumulator is above cr below
3000 psi, and
there is no evidence of the pump overheating, and
the teststand pressure bleeds off,
then the next check of this symptom is:
Check the cressure with a direct-reading gauge installed using
Fligs. I and 2, AI-H46AE-450-0C0, section WP 008 00, p. 16.',nI,nlnl]'.

,questicn(dir-rdg-press) = [' ,)
'hat does t;e direcz-reading gauge
indicate?:].
legalvals(dir-rdc-cress) = ['High Pressure','Low Pressure',

Normal','Fluctuat:.ng Pressure .
ruie-S7: if util-.;ir-sys-syptom =

'Low S'stem Pressure -- Transmission Turning'
and valve-pointer = 'normal'
and sys-press = 'Below 303% psi'
and puDmp = -no'
and teststand-'ress = 'Bleed Off'
ard dr-rdg-prss = Low Pressure'
and 6isplay7nl, nl,'
if the pressure indicated is low, reolace the manifold.',nl,nl])

then hydr-prob-cause = 'Faulty Ma:,fola Pressure Rei:ef Valve'.
rule-58: if util-pwr-sys-syrmptom =

Low System Pressure -- Transmssion Turning'
and valve-pointer = 'normal
and sys-press = 'Below 3600 psi'
an d pump = 'no'
and teststand-press = 'Bleed Off'
ana dir-rdg-press = 'High Pressure'
cr dir-rdg-press = 'Normal'
or dir-rdg-press = 'Fluctuating Pressure'
and display(In!,nl,'
if the pressure indicates High, Normal, or Fluctuating,
then troubleshoct
the Indicating System, or troubleshoot the symptom:
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'Pn c',:e- .pP Pressure Fluct-uates" n~l

c:-rczca~ 'CHECK AX-RSYMPTOM'

---------------------.. K:7:Y P '>;EP. SYSTE'I 5E'7?TCX:

o~. -: ";REr .. c..-..-'rj,

* . . -.. -JUa te S

* - US ayptcm i

L. t: is consultation, and re-b oot chocsir.a
~ct i:. q 3 y sten' t o

::~Lt~nSystem.

.ze ~r~ F~s. and 2, Al-H46AE-450-OCO,

~ -I tes'
SPressure'

- -. %c Comoensator'

-- 5-,S'- 7 1.Iity Power System'

- A - ct'.ates'

H ~ch , Normal, A. Flcutn, then
Sv~stem, or troubleshoot thIe symptom:

- ss, -e :" aes.', -l
CHE( CK T ER SYI:PTOM'

s- 'Normal'

r* tal th-e Pressure Indicating System is OK, and
4,--reading qa--:oe pressure is norml then

x -- -. - :, th -S svrnptM, is:
I~System Package Manifold Relief Valve

ut-l--pwr-sys-sn-.ptom
-o~ .~,. ressure F.luctuates'

r r~as =Norm2.'

,avc-,:g-press = bad'

treie ",ani-fold. ',nl,nll)
tn-- vrz r:r) cause ='Faulty 'Relief Valve'.

(-,4es t r e -,,a 7-crkg-press) P
-'e ,elief Va'e Cracking Pressure

'.,-l.al e=,av-rapes ['good','bad'].

,.hen-lound(rel-valv-crkg-press 'good')
dislspay( nl,I
:f you are sure that the Pressure Indicating System is OK, and
that the direct-readina gauge pressure is normal, and
zhat the Re-ief V;ale cracking Pressure is good, then
the nexz check of this symptom is:

1. Disconnect the line from the aft end of the valve.
2. Plug thie line.
3. Cap the valve fitting.
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'~ xa z~e~c:z'ls~rp-essure is 0Cpsi, then

e~~~~~~ e~'-- h c xtr. C~k the Ar Ch-arje. ,n! , n! ,ri2>

.. ega>.s.~v scu--a '~)no

.e -3:i t-prs-syto 6. -A? Will I'ot Start'
anc: a c .. re s k es
incac.J3-'a not
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r(eOnrg tne

then hydi--pro--a.;s- Lo-, Acoumul;ator Gas Charge.
ah, n 4:und (accum- gas cbhg ='yes,)=

f vou aretrubeshoot:nu the symptom:
I APU Will Not Start", t.ier

:f 'tou are sure that the Accumulator pressure is 3000 psi, and
t hat- the Accumu-.lator h-as a prope- air charge, then
t.-.e next check cf this symptom is:
z isconnect the plug - i26P5 from the pilot valve.
Check for Z4 vd: between pins 2 and 3.

:f ;/ou are trc-ubleshooting the symptom:
f nable to Pressurize ; .:cumcutor With Handpur-np" , then

if You are suire that Aooumulator has a proper gas charge, then
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Check the Depressurizing Valve pointer position.',nl,nl,nl]).

9uestion(plug-voltage) - r'
is there 24 vdc between
pins 2 and 3?'].
legalvals(plug-voltage) = ['yes', 'no'].
rule-64: if util-pwr-sys-symptom = 'APU Will Not Start'

and accum-;zess-ck - 'yes'
and accum-gas-chg 'yes'
and plug-voltage = 'no'
and disolav( 1i,nli,'
Correct improper installation.
Check agai:i. If voltage still not present troubleshoot
the electrical system using AI-H46AE-420-000, section WP 009 00.nrl,nl]])

then hvdr-prob-cause = 'Check Valve Installed Backwards'
whenfound(plug-voltage = 'yes) =

display([nl,'
if you are sure that the Accumulator pressure is 3000 psi, and
thai the Accumulator has a proper air charge, and
that the Check Valve is installed properly, then
the next check of this symptom is:
If voltage is present at the Check Valve from the last check,

. Disconnect the APU.signal line at the APU pump-motor.
2. Cap the motor opening.
3. Install a gauze exceeding 3000 psi capacity into the line.
4. Operate the APU start switch.
5. Note the gauge pressure.',nl,nl,nl]).

auestion(gauge-press) = (I
fs there 30 C psi indicating on
the gauge?'].

legal-.als(gauge-press) = ['yes','no'j.
rule-65: if util-pwr-sys-symptom = 'APU Will Not Start'

and accum-press-ck = 'yes'
and accum-gas-chg - 'yes'
and plua-voltage = 'yes'
and gauge-press = 'no'
ana aisplay( nl,nl,l
If oressure is not read, replace the valve.',nl,nl])

then Eydr-prob-cause = 'APU Start Sequence Pilot Valve Not Opening'.

/* ---------- UTILITY POWER SYSTEM SYMPTOM:
SUBSYSTEMS NOT RECEIVING PRESSURE ---- *

whenfound(util-pwr-sys-symptom = 'Subsystems Not Receiving Pressure') .
display([nl,
The first check of this symptom is:
Check the position of the Depressurizing Valve.',nl,nl,nl]).

rule-66: if util-pwr-sys-symptom = 'Subsystems Not Receiving Pressure'
and valve-pointer = 'fill'
and display([nl,'
Turn the valve to NORM.',nl,nli)

then hydr-prob-cause = 'Depressurizing Valve Turned to FILL'.
whenfound(valve-oointer = 'normal') =

display([nl,'
.f you are troubleshooting the symptom:

'Subsystems Not Receiving Pressure', then
If you are sure that the valve pointer is in the NORM position, then
the next check of this symptom is:
Manually open the No.2 valve.
Check for pressure at the ramp control.

If you are troubleshooting the symptom:
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'Unable to Pressurize Accumulator With Handp. ' then
,nl,nl]).

uestion(ramp-ctrl-press) P
thee ressure at the ramp and hatch

controls? ]

legalvals(ramp-ctrl-press) = ['yes', 'no'].

rule-6$7: if util-pwr-sys-symptom = 'Subsystems Not Receiving Pressure,
and valve-poirnter ='normal'
and ramn-czrl -p ress -- 'no'
and dis;'lav~(n1(
Replace the Mianifold, using Al-H46AE-450-000, section WP 030 00.
,nl,nl])

then h'ydr-.prob-cause
Isolation Manifold No.1 Valve Not Open when Dc-energized'.

whenfound(ramo-ctrl-press = 'yes'"
display([nf,l
If jcu are sure that the valve acinter is in the NORM position, and
rhat there is pressure at the ramp and hatch control~s, then
the next check of this symptom is:
Check the Accumulator for gas precharge.' ,nl,nl]).

ru~e-68i if util1-pwr-sys-symptom ='Subsystems Not Receiving Pressure'
and va'Lve-poInter ='normal'
and ramp-ctrl-press = 'yes'
and accum-aas- cn = 'no
and displa ([Lnl,
Service the Accumulator using A1-H46AE-450-000, section WP 013 00.

then hydr-prob-cause ='No Accumulator Gas Precharge'.
rule- "69:.'if util-pwr-sys-symptcm ='Subsystems Not Receiving Pressure'

and valve-pointer ='normal'
and razmp-c trl-press = 'yes'
arnd accum-gas-ch 'yes'
and disulay([ni.,
Scrry this situation is beyond the scope of thisT program. ',nl,nl])

then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET

/* ---------- UTILITY POWER SYSTEM SYMPTOM:
UNABLE TO ?RESSURIZE ACCUMULATOR WITH HANDPUNP ----

whenfound(uti1-owr-svs-s ymptom =
'Unable to Pressurize Accumulator With Handpump')=

The fir:st check of this symptom is:
Check the Accumulator for a Gas Precharge.' ,nl,nlnllD.

rule-70: if u-til-pwr-sys-symptom
'Ur-:able to Pressurize Accumulator With Handpump'
andc accum-gas-chg = 'no'
and display ([{nl,nl, '

Rechg the Accumulator.' ,n.,rnil)
then hyd;Ir-prob-cause = 'No Accumulator Gas Prec-harge'
rule-7i: if util-pwr-sys-sympt-m =

'Unable to Pressurize Aecumulator With Handpump'
and accum-gas-chg='ys
and va~ve-pointer = 'ill'
and d~slav(,nl nl I
Turn th.e Zepressurizing Valve to N3ON. ' ,nl,nl])

then hydr-?rob-cause = 'Depress,.ri-.zing Valve at FILL'.
cuestion(manifold-press)
is tlie pressure maintained?11

legalvals(manifold-press) = 'yes' .me'l
rule-72: if util-pwr-sys-symptom=
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'Unable to Pressurize Accumulator With Handpump
and accum-gas-chg = 'yes'
and valve-oointer = 'normal'
and manifold-press = 'yes'
and display([nl,nl,'
if pressure can be maintained, this is an indication of a
leak downstream form the manifold. Find the leak.',nl,nl])

then hydr-prob-cause = 'Leak in System'.
rule-73: if util-pwr-sys-svmptom =

'Urnab.e to Pressurize Accumulator With Handpump'
and accum-gas-chg = 'yes'
end valve-pointer = 'normal'
and manifold-press = 'no'
and display( [nl,nl,l
Sorry, this situation is beyond the scope of this program.',nl,nl])

then hydr-prob-cause = 'UNKNOWn, - NOT PROGRAMMED YET'.

/* ----------- UTILITY POWER SYSTEM SYMPTOM:
REPEATED EXTENSION OF FILTER CONTAMINATION INDICATORS ---- *

whenfound(util-pwr-sys-symptom =
'Repeated Extension or Filter Contamination Indicators') =
display(fnl,'
Troubleshooting procedures for this symptom are:
insoect the filter elements for metallic matter.
if metal is oresent the first time:

chance the Accumulator and flush the system. Then,
inspect the filter elements again.
if metal is present a second time:

change the Utility Pump and flush the system. Then,
inspect the filter elements again.
If metal is present the third check:

changethePump-motorand flush the APUlinesand system.',nl,nl).
question(filter-elements) = P
s there any metallic matter in

the filter elements?'].

legaivals(filter-elements) = ['Yes, Metal present','No Metal'].
rule-74: if util-pwr-sys-symptom =

'Repeated Extension of FiIter Contamination Indicators'
and filer-elements = 'Yes, Metal present'

then hvcr-prob-cause =
'Faulty Accumulator, Utility Pump, and/or Pump-motor'.
rule-75: if util-pwr-sys-svmptom =

'Repeated Extension of EiUter Contamination Indicators'
and filter-elements = 'No Metal'
and displaylfnl,nl,'
If you do no have any metal resent in the filter elements
upon the first inspection, then the problem is beyond the
scope of this program.
if you have already changed the Accumulator and/or the Utility Pumo,
and there is not metal present on subsequent inspections of the filter
elements, then problem is solved.',nl,nl])

then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

/* ---------- UTILITY POWER SYSTEM SYMPTOM:
HYDRAULIC CHATTERING OR HIGH FREQUENCY VIBRATIONS IN SYSTEM -- */

whenfound(uti-1- t =
'Hydraulic Chattering or High Frequency Vibrations in System') =* displav([nl,'
Trcubleshooting procedures for this symptom are:
i. Apply electrical power to the helicopter.
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2. Set the ROTOR BRAKE switch to OFF.
3. Disconnect pressure line from pump and plug port.
4. Pressurize system.
5. Use a teststand.
6. Check for fluid flow from the pressure line.',nl,nl]).

question(press-line-fluid-flow) =.[,
s there any hydraulic fluid flowing

from the pressure line?'].
legalvals(press-line-fluid-flow) = ['yes' ,'no'].

rule-76: if util-pwr-sys-symptom =
'Hydraulic Chattering or High Frequency Vibrations in System'

and press-line-fluid-flow = 'yes'
and display([nl,nl,'
Replace the Check Valve using Al-H46AE-450-000,
section WP 022 00.',nl,nlj)

then hydr-orob-cause =
'Faulty Check Valve between Pump Pressure Outlet and Pressure Filter'
rule-77: if util-pwr-sys-symptom =

'Hydraulic Chattering or High Frequency Vibrations in System'
and press-line-fluid-flow = 'no,
and display([nl, n1.
Sorry, this situation is beyond the scope of this program.',nl,nl])

then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

/ * * END OF UTILITY HYDR POWER SYSTEM *

/** * UTILITY PRESSURE INDICATING SYSTEM /

whenfound(hydraulic-sub-system =
'utility pressure indicating system') =
util-press-ind-symptom.

question(util-press-ind-symptom) =
What are the symptoms of the
problem (Igripel)?I ,nl].

leqalvals(util-press-ind-symptom) =
'no indicator pointer movement',
pressure reading high or low',
erratic or sluggish pointer movement'].

/*--------- UTILITY PRESSURE INDICATING SYSTEM SYMPTOMS:
NO INDICATOR POINTER MOVEMENT ----- *

whenfound(util-press-ind-symptom =
'no indicator pointer movement') z
disp!ay([n.,nl,'
Check the HYDRAULIC BOOST PRESSURE UT
circuit breakers located on the cockpit overhead console.',nl,nl,nl]).

rule-78: if util-press-ind-symptom z 'no indicator pointer movement'
and 'circuit breakers are out'
and display([nl,nl,'
Ycu need to push in the HYDRAULIC BOOST PRESSURE UT
circuit breakers located on the cockpit overhead console,
before you can begin troubleshooting.',ni,nl])

then hydr-prob-cause = 'No AC electrical power'.
whenfound('circuit breakers are out' = 'no') =disolay([nl,nl,nl,nl,l

If you have checked to make sure that the HYDRAULIC BOOST
PRESSURE UT ci.cuit breakers located on the
cockp it overhead panel are in fact IN, now
check for 26 vac at pin B of indicator plug and pin B of the
transmitter plug.
Check wiring continuity.',nl,nl,nl:).
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rule-79: if util-press-ind-symptom = 'no indicator pointer movement'
and not('circuit breakers are out')
and 'connector or wiring continuity' = 'bad'
and display([nl,nl,1
Repair the wiring or the connector using
Al-H46AE-420-000, WP 004 O0.',nl,nl,nl2

then hydr-prob-cause = 'Faulty Wiring or Connector'.
rule-30: if util-nress-ind-symptom = 'no indicator pointer movement'

and not('circu't breakers are out')
and 'connector or wiring continuity' = 'good'
and 'accum gauge press' = 'normal"
or 'accum gauge press' = 'high'
or 'accum qauge press' = 'low'
or 'accum gouge press' = 'fluctuating'
and display( [n±,nl,'
if the accumulator pressure gauges are reading normal, high,

ow, or fluctuating,
then the indicator'is faulty. Replace the indicator using
A!-H46AE-50G-000, WP 033 00.' ,nl,nlnll) then hydr-prob-cause =
'Faulty Flight Control Pressure Indicator'.

,uestion('accum gauqe press') = [nl,nl,'
"'hat are the acumulator pressure
gauges reading?',nl]

legalvals('accum gauge press') '
['nigh ,Ilowl,lnormal',Ifluctuatingl,'no pressure,].

whenfouund('accum gauge press' = 'no pressure') =
dispiay([nl,nl, '
If you are sure that the accumulator gauge pressure is indicating
no pressure,
you must now troubleshoot the hydraulic Utility Power System using
il-H46AE-450-000, section WP 003 00.',nl,nl]).

rule-8i: if util-press-ind-symptom = 'no indicator pointer movement'
and not('circuit breakers are out')
and 'connector or wiring continuity' = 'good'
and 'accum gauge press' = 'no pressure'

%5 then hydr-prob-cause =
'No System Pressure - Hydraulic Utility Power System faulty'.

/* ---- UTILITY PRESSURE INDICATING SYSTEM SYMPTOMS:

PRESSURE READING HIGH OR LOW ---- *
whenfound('til-press-ind-symptom =

'pressure reading high or low')=.d---splay((ni,ni,1
The first troubleshooting step is to:

Troubleshoot the pressure TRANSMITTER and INDICATOR.
Troubleshooting procedures for these two parts have not been
prcgrammed yet.

Second troubleshooting step:

Check the wiring continuity.',nl,nl]).
rule-62: if util-press-ind-symptom = 'pressure reading high or low'

and 'wiring continuity' = 'bad,and display([nl,nl,'
Repair the wiring or the connector using
AI-H46AE-420-000, WP 004 00.',nl,nl,nl])

then hydr-prob-cause = 'Faulty Wiring or Ground Connection'.
rule-83: if util-press-ind-symptom = 'pressure reading high or low'

and !wiring continuity' = 'good'
and display([nl,nl,'
Sorry, CADS does not know what the problem is if the wiring
continuity checks "good".',nl ,nl,nl])

then hydr-prob-cause = 'UNKNOWN - NOT PROGRAMMED YET'.

/* --------- UTILITY PRESSURE INDICATING SYSTEM SY4PTOMS:
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SLUGGISH OR ERRATIC POINTER MOVEMENT

whenfound(util-press-ind-symptom =
'erratic or sluggish pointer movement') =
display([nl,nl,
The first troubleshooting step is to:

Troubleshoot the pressure TRAN:SMITTER and INDICATOR.
Trcubleshooting procedures for these two parts have not been
pro grammed yet.

Second troubleshooting step:

Check the connectors for tightness, and
wAiring for continuity.',nl,nl]).

rule-84: if util-press-ind-symptom =
'erratic or sluggish pointer movement'
and 'connector tightness and wiring continuity' 'no'and displav [nl,n[, -
Tighten the connectors.
Repair the wiring, using
Al-H46AE-420-000, section WP 004 00.',nl,nl,nl])

then hydr-prob-cause = 'Intermittent Short in Wiring Circuit'.
rule-35: if util-press-ind-symptom =

'erratic or sluggish pointer movement'
and 'connector tightness and wiring continuity' = 'yes'

then i-ydr-prob-cause =
'Fluctuating Pressure - Hydraulic Flight Control System' cf 60.

/ * * END OF UTILITY SYSTEM MODULE *
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~~ MAJOR SYSTEM: HYDRAULIC
-------------- EYDRAULIC SUB-SYSTEM:

FLIGHT CONTROL HYDRAULIC SYSTEM -----------*

goal = hydr-prob-cause.
automaticmenu(ALL1).
enumera:edanswers(ALL).
presupposition(flt-ctrl-hydr-sys-symptom)

malor-system = hydraulic'
and hydrzulic-sub-system = 'flight control hydraulic system'.

presupposition(flt-ctrl-press-ind-symptom)
major-systemc=s'hydraulic'
ani hydraulic-sub-system=
rlign4t control pressure indicating system'.

q-uestion(flt-ctri-h.ydr-sys-svmptom)
What are the symptoms of thne problem?' ,nl],

le gal-als(flt-ctri-hydr-sys-synptom)=
'low pressure-system no.1', 'low pressure-system no.2',
system no.1 pressure fl.uctuates',
system 11o.2 pressure fluctuates',
'System No.1 or No.2 Cannot Be Shut Of
1'Ha:do-er Condition In Dual ExtensiblefLnks'].

/* --- '1111TOM. LOW PRESSURE SYSTEM NO.1 --------------------

whenfound(flt-ctrl-hydr-sys-symptom = 'low pressure-system no.1')=
display( [nl,'
Pressurize system with a teststand. Check system for correct
pressure.' ,r ,nlD).

rule-l: if flt-ctrl-hydr-s ss-symptom = 'low pressure-system no.1'
an~d 'systemr pressure buildup is correlct'

then hydr-prob-cause = 'faulty pump'.
que'stion(sy'sten pressure buildup is correct')=

~nl, 'Is tine teststand pressure buildup correct?'].
lecalvals( 'system pressuare buildup is correct') =['yes' ,'no'1j.
nef:n(sse pressure buildup is correct' ='no')=

14C cu are sure that the pressure buildup is correct using the
tesstadnow

Check the relief valve cracking pressure. ',nl,nllD.
ru.La-2: if flt-ctrl-hydr-sys-symptom ' low pressure-system no.!'

and 'relief valve crac king pres sure low'
then hydr-prob-cause = 'relief valve opens at low pressure'.
question('re 7ief valve cracking pressure low')=

rnl,nl,l
is the relief valve cracking at low pressure?' ,nl].

legalvais('relief valve cracking press-ure low') = ['yes','no'3.
rule-3: if flt-ctrl-hydr-sys-sympton = 'low pressure-system no.1'

and not (system pressure bui-ldup is correct'
or not ('relief valve cracking pressure low')
and di4splay([nl,nl,'Geez, 1 do not know what is wrong either!
,t is not in the MIMS, cause I already looked.' ,nll)

then hydr-prob-cause = 'UNKNOWN'.



/* -------- SYMPTOM: LOW PRESSURE SYSTEM NO.2 --------------*

wbenfound(flt-ctrl-hydr-sys-symptom = 'low pressure-system no.2') =
displa7([nl '
:onnect a direct reading gauge to manifold. See Al-H46AE-450-
O)C, section WP 010 00, Fig. 1 and 2.
Check for correct pressure.' ,nlrl]).

rule-4: if fit-ctri-hydr-sys-symptom = 'low pressure-system no.2'
an6 'dir rda gauge manifold press' 'low'

then hydr-prob-cause = 'faulty pressure reducing valve or relief valve in
pack Aqe manifold'.

questicn('dir rdg gauge manifold press') = [nl,l
,hat pressure is the direct reading
gauge indica:ing at the manifold?',nl].

leqlvals('dir rdg gauge manifold press') =
L high , ov , fluctuating'J.

rule-5: if ft--ctrl-hydr-sys-symptom = 'low pressure-system no.2'
and 'dr rdg gauge manifold press' = 'high'.nd dispiay([nI~nl,I
:rcubleshoot utility system for low pressure,
using Al-H46AE-450-000, section WP 008 00.',nl,nl])

then hydr-prob-cause = 'low utility system power supply'.

/* ------- SYMPTOM: SYSTEM NO.1 PRESSURE FLUCTUATES ------*

whenfound(flt-ctrl-hydr-sys-symp tom =system no.1 pressure fluctuates') =
dispjavrnl,I
:rc'blesh oct the indicatina system using
AI-H46AE-450-000, section QP 011 00.',n l,nl]).

rue-6: if flt-ctrl-hydr-sys-symptom = 'system no.1 pressure fluctuates'
and 'faulty indicating system'

then hydr-prob-cause = 'faulty indicating system'.
question('faulty indicating system') = [nl,'

Does the indicating system have problems?',nl].
legalvals('faulty indicating system') = ['yes','no'].
whenfound('faulty indicating system' = 'no') =

dispiav([nl,'
:f vou'have troubleshot the indicating system, and are sure
that it works properly, then:
Check system pressure with transmissions turning. Connect
a direct reading gauge to PRESS OUT port of system no.1 package
manifold.
Use A.-H46AE-450-000, section WP 034 00.',nl,nl]).

rule-7: if flt-ctrl-hydr-sys-symptom = 'system no.1 pressure fluctuates'
and manifold pressure'

Sthen hydr-prob-cause = 'Faulty pump compensator'.
q estion('manifold pressure') = [nl,'
.oes the direct reading gauge indicate
flu:ctuation more than +100 psi, or
drops below minimum gauge pressure?'].
legalvals('manifold pressure') = ['yes','no'].
whenfound('manifold pressure' = 'no') =

display([nl,'
Check the relief valve cracking pressure.',nl,nl]).

question('relief valve crkg press') = [nl,'
Is the relief valve cracking at the
correct pressure?'].
legalvals('relief valve crkg press') = ['yes','no'].
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rule-8: if flt-ctrl-hydr-sys-symptom 'system no.. pressure fluctuates,
and 'relief valve crkc press' = no'

then hydr-prob-cause = 'faulty relief valve'.
whenfound('relief valve crkg press' = 'yes') =

h-eck vent filter and line for restrictions.',nl,nJ]).
question('vent filter and line restricted') =[nl,'

Is the vent filter and line restricted?',nl].
ltgalvals 'vent filter and line restricted') = ['yes','no'].

rule-9: if flt-ct-l-hydr-sys-symptom = 'system no.1 pressure fluctuates'
n.t ....er and line restricted'then idr-prb-cause = 'restricted air flow through vent filter'.

rule-lG: if flt-ctrl-hydr-sys-symptom = 'system no.1 pressure fluctuates'
anc noc('faulty indicating system')
and 'relief valve crkg press
and nc 'vent filter and line restricted')
and r.o),man-fold pressure')
nd d-splav( nl,n '

So:cr". This prsblem is beyond the scope of this
Srocram.',n!,n-Js

then hydr-prcb-cause = 'UNNOWN - keep troubleshooting'.

* -------------- ILT CTRL SYMPTOMS: SYS NO.2 PRESSURE
FLUCTUATES ----------------*

whenfound(flt-ctrl-hydr-sys-symptom = 'system No.2 pressure fluctuates') =
display( [nl,'
Troubleshcot the indicatino system, using
AI-H463AE-450-00, section WP l 00.' ,nl,nlj).

ruie-ll: if flt-ctr-hydr-sys-symptom = 'system No.2 pressure fluctuates'
and 'faulty indicating system!

then hydr-prob-cause = 'faulty indicating system'.
whenfound('faulty indicating system' = 'no' =

displav([nl,ni nl nl,,
1f you'have troubieshot the indicating system, and are sure
that it wo:rs properly, then:
Connect a direct reading gauge to manifold. See Al-H46AE-450-
000, section W? 010 00, Fig. 1 and 2.
Check for correct pressure.',nl,nl]).

rule-12: if flt-ctrl-hydr-svs-symptom 'system No.2 pressure fluctuates'
and 'dir rdg gau7e ranifo'ld press' 'high'
or 'dir rdg gauge manifold press' 'low'

then hydr-proc-cause = 'faulty pressure reducing valve in
-ackaae nanifold'.

rule-!3: if flt-ctrl-hydr-sys-s,,mptom 'system No.2 pressure fluctuates
and 'dir ri gauge manifold p--ess' = 'fluctuating'
and display([nl,nl,nl,I
since you entered "fluctuating" for the direct reading gauge
pressure check, now:
Troubleshoot the utility system.',nl,nl,nl])

then hydr-prob-cause = 'Uility system power supply fluctuating'.

/* ----.------ FLT CTRL SYMPTOMS: SYS NO.1 OR NO.2 CANNOT
BE SHUT OFF -------------------------------------- *

v.henfound(flt-ctrl-hydr-sys-symptom =
'System No.1 or No.2 Cannot Be Shut Off') =
display([nl,'
Your first troubleshooting check will be:
Check for 28 vdc at pin 2 of module connector 033Pl.',n1,nl]).
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question('module connector voltage') = nl,'
,s 28 vdc present at pin 2 of the
module connector 033P1?j.
legalvals('module connector voltage') = ['yes1,1no'].
rule-14: if flt-ctrl-hydr-sys-symptom =

'Svstem No.1 or No.2 Cannot Be Shut Off'
aria not('module connector voltage')

then hydr-prob-cause = 'System No.1 module pilot valve control
circuits are open'.

whenfound('module connector voltage' = 'yes') =
dispi~y([nl,'
Your next troubleshooting check will be:
Check for 28 vdc at pin A of package manifold plug
P765 - 033P2. ',nl,nl).

guestion('manifold plug P765 voltage') = [ni,'
is 28 vdc present at pin A of the
package manifold plug P765?'].
legalvals('manifold plug P765 voltage') = ['yes','no'].
rule-15: if f't-ctrl-hvdr-sys-symptom = 'System No.1 or

Xo.2 Cannot Be Shut Off'
and 'module connector voltage'
and not'rmanifold plug P765 voltage')

then hydr-prob-cause = 'System No.2 package manifold solenoid
valve c6ntrol circuit is open'.

whenfound('manifold plug P765 voltage' = 'yes')
display([nl,'
Your next troubleshooting check will be:
Check for continuity of ground circuit through opposite system
pressure switch.',nl,nl]?.

question('manifold solenoid ground') =nl,1
s there continuity of the ground circuit

through the opposite system pressure switch?'].
legalvals('manifold solenoid ground') = ['yes','no'].
rule-16: if flt-ctrl-hydr-sys-symptom =

'System No.1 or No.2 Cannot Be Shut Off'
ana 'module connector voltage'
and 'manifold plug P765 voltage'
and nzt('manifold solenoid ground')

then hydr-prob-cause = 'Package Manifold Solenoid
'.alve ground circuit is open'.

whenfcund('manifold solenoid ground' = 'yes') =
display([nl,'
Your next troubleshooting check will be:
With 28 vdc apolied and round circuit completed, the valve
should operate properly. ,nl,nl]).

question('manifold solenoid valve operation') [nl,'
Does the module solenoid valve in the
package manifold operate properly?'].
egalvals('manifold solenoid valve operation') = ['yes','no'].

rule-17: if flt-ctrl-hydr-sys-symptom =
'System No.1 or No.2 Cannot Be Shut Off'
and 'module connector voltage'
and 'manifold plug P765 voltaqe'
and 'manifold solenoid ground
and not('manifold solenoid valve operatirn')

then hydcr-prob-cause = 'Faulty Package Manifold Module Solenoid Valve'.
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rule-3;: if f.t-ctrl-hvdr-sys-symptom -
System n1o.1 or No.2 Cannot Be Shut Off'

-Ar3 mcdu'le connector voltage'
a., - 7. fd plug P763 volia~e'
in- m~r.:.lfoJ olenoid ground

--.. 1 od _olnoid valve operation'

,--. ... s o did were good.
problem is beyond the scope of this program.' ,nlnl])

er . pr cause = UN;OWN - not programmed yet'.

--FLT CTRL SYYPTOMS: HARDOVER CONDITION
IN DUAL EXTENSIBLE LINKS ----------------------*

.'.nfound( f2t-ctrl-hvdr-sys-syrntom =-ardover Condition In uar Extensible Links')Flay( [nl, '

Chock the Dual Extensible Links filter elements for evidence ofcon-tamination.' ,nl,nl]).

questzon('dual ext link filters') [nl,'
Are all three extensible link filter
el.ements contaminated?'].

lezalvals('dual ext link filters') = ['yes','no'].
rule-19: if flt-ctrl-hydr-sys-symptom

Hardover Condition In Dual Extensible Links'
an& Kual ext link filters'

then hydr-prob-cause = 'Contamination in affected system'.

/ HYDRAULIC SUB-SYSTEM:

FLIGHT CONTROL PRESSURE INDICATING SYSTEM *

question(flt-ctr-press-ind-symptom) =
What are the symptoms of the
problem ("gripe' ,?',nl].

lea alvals(flt-ctrl-press-ind-symptom) =
Tindicator pointer does not move',

lo',: pressure indication','high pressure indication',
le:razic or sluggish pointer movement'].

/----- FLIGHT CCNTROL PRESSURE INDICATING SYSTEM SYMPTOMS:

INDICATOR POINTER DOES NOT MOVE

The following troubleshooting procedure "Checking the HYDRAULIC
EDOS: PFESSURE Circuit Breakers are in, is not considered a
troubleshooting procedure by the NAESU tech reps. It is
cC;rmmented out of this program. It appears here only because it
:- ;ook allot of programming work to put it in!!
,henfound( flt-ctrl-press-ind-symptom =

'indicator pointer does not move')"'display( [n!,n!, 1
Check the H'U'DRAULIC BOOST PRESSURE NO.1 and NO.2 circuit
breakers located on the cockpit overhead panel.',rnl,nl,nl]).
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rule-24: if flt-ctrl-press-ind-symptom =
'indicator pointer does not move'
and 'circuit breakers are out'
and display([nl,nl,1
You need to push in the '!DAULIC BOOST PRESSURE NO.1 and NO.2
circuit breakers located on the cockpit cverhead panel,
before you can begin troubleshooting.',n,nl])"

then hdir -proo-cause = 'no AC electrical power'.

cuesticn('circuit breakers are out') = [nl,'
A;re the fliht control pressure
indicator circuit breakers out?',nl].
!egalvals('circuit breakers are out') = ['yes','no'] .-------- *
whenfound( flt-ctrl-press-ind-symptom =

indicator pointer does not move') =diLsplay([nl,n!,'
The first troubleshooting check of this symptom is:
check for 26 vac at pin B of indicator socket and pin B of the
transmitter.Zheck: -:iring continuity.1,nl,nl,nl]j).

rule-25: if flt-ctrl-press-ind-symptom =
'indicator pointer does nct move'
and 'connector or wiring continuity' 'bad'
and di spay([nl,n,'
Repair the wiring or the connector using
Al-H46AE-420-CQO, WP 004 00.',nl,nl,nl])

then hydr-prob-cause = 'Faulty Wiring or Connector'.
question,'connector or wiring continuity') [n!,"

f either of these is "bad" enter "bad":
26 vac at pin B of the indicator
socket and pin B of transmitter

OR
wiring continuity.

If both are "good" enter "good".'].-
legalvals connector or wiring continuity') = ['good','bad'].
whenfound('connectcr or wiring continuity' = 'good') =

display([ni,nl, I
if you are sure that the connector and that wiring
continuity are both "good", do the following:

check the pressure with a direct reading
gauge at the pressure transmitter.',nl,nl]).

rule-26: if flt-ctri-press-ind-symptom =
'indicator pointer does not move'
and 'connector or wiring continuity' = 'good'
and 'dir rdq press' = 'normal'
and display([nl ,nl
If the direct reading pressure at the transmitter is reading
normally, then the indicator is faulty.
Replace the indicator using Al-H46AE-500-000, WP 012 00.',nl,nl,n!])

then hydr-prob-cause = 'Faulty Flight Control Pressure Indicator'.
question('dir rdg press') = [nl,nl,'
What is the direct reading pressure
at the transmitter indicating? ,.l]."
legalvals('dir rdg press') =
[Inigh',low','normal','fluctuating'].
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/* --- TLGHT CONTROL PRESSURE IU!DICPLTI!IG SYSTEM SYMIPTOMS:
LOW ?F.ESSUP.E INDICATION ---

whefoun(lct-ctrl-cress-ind-symztom
low pressure indication )

:-spay rn-,n.,
Ch~. teradina orn the hydra,1lic system accumulators (direct
r adung gauqe s.

Te -.e 'r~i accumulators are indicating normal pressures in
tLhe hvyrlze-ss, tl-en th'e indicators or thle transmitters
&re flC

rule-29: if ' res-rz-vcz 'low pressure indication'
and 'd2r pi'; pr' ss ror

i.f: th o' eaeigoac indicated normal pressure,

then reycu c.ce ti-' n

- - -FLON I'T L PRESSURE 1INICATING SYSTEM SYMPTOMS:

HT-H- PRESS'URE :_:!D)ICATION ----

''nih pressure iriu.catior
d'spay rn, nl,

Th-ist trouhie-sh-ooting step is to:
Tr _-Uzl e s 10o0t thle pressure TRANSIIITTER and INDICATC?.
Ccmpare t.e h~dalcacmltrpressure (direct reading
au 1- e _ 4 t o th e u.ioator. 'f the accurrulators are readina
rorr- pressurie, thnen the indo&cators cr transmitter -us

Secornd troubleshooting step:
Chieck the wirin~g continuity. 'nl,nlj).

ru e-3C: if flt-ctrl-press-ind-symptom = 'high pressure indication'
arnz -wuring cn.tinuityl = bada'
and4 .3a1y, n1,ri,

Fepaur the wring usirng
AI-HIAE420-OOWP C04 ',O.' ni,ni,nlJ)

,.-n; hydr-cb-ca1uce = :ncorrectly Wired Indicator or Transmitter'

/'-____L:GHT CCINTRODL PRESSURE INDICATING SYSTEM SYMPTOMS:
SLUGGISH CR ERRATIC P,3I::TER MOVEMENT ----

wh,,enfound-( flt-ctrl-press-ind-symptom=
erratu.;c or slPointer mo%,ement'

~ro~zej~ o thIrsueTASMITTER and INDICATOR.
Compare the hydraulic: accuml,71ator pressure (direct reading
,gauge) to the indicator. If the accumulators are reading
normal ipress-.re then the i-nducators or transmitter is

ruile-32: if flt-ctrl-press-ind-sympom
'erratic or sluggish poonter m~ovement'%
and Idir rdg Dress' = normal'
and disp ay ( 1r-,ni,
if the durect reading gauge in]-icated normal pressure,
then replace the indicator or t..~ - nsie.'nl

then hydr- prob -cause=
'Fau-.Lzy ind'icator or transmittei

~~ END CF HYDRA.ULICS MODULE
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